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ABSTRACT 


This thesis investigates conventional and probabilistic methodologies for predicting 
the fatigue life of critical components in the P-3C aircraft. A probabilistic damage 
convolution model was developed with the intent of providing quantitative predictions of 
life-variability. Traditional methodologies, which are based nominally on median values, 
lack the capacity to adequately assess variability. Aluminum 7075-T6 was tested using a 
fatigue Material Test System. A fatigue data base was compiled from tests conducted at 


the Naval Postgraduate School and from literature sources. 





TABLE OF CONTENTS 


I. INTRODUCTION 


ETS reer e ss tess es set Fib tis sei cishee ir ist ses: ] 
Peer IN ICO VE INID PEN SPECTIVE .. 2.0... ..ccccc ee ccsceccse sen cess l 
eer > CIEE x TENSION PROGRAM ................cc.cneeeeereeees 3 
ae Orr Obeid RESPARCH oo ici. .c.....c sc ecseoens nes cult pemeenbens + 
HeeenNveENTIONALD PATIGUE LIFE PREDICTION .........0..00.00... eee a 
Ill. PROBABILISTIC APPROACH TO FATIGUE .............00000c eee 13 
Fem NM O DD OMNI reer rier ee cc gcse ree scesecctcsns secs CORTES... 13 
Pope EEO er EINE YOON ieee eee cece e eens cee esc ccs tepensrtaceass 18 
eve Me WIDEST RIBWITON orien. we ec cce een cce ane ces tases 19 
IV. MODERN DAMAGE ACCUMULATION METHODOLOGY ................. 21 
Pom ECO Ey sie Ee SA GIDE oy ces oe. . ee ee on eevee 21 
Pestle ser mb EMIS U) TL OUING irc iens acc eccccececeusecuctcotecccescusedeeePAMiteevccessssenes 21 
reer eB ARSE AO DOIN cee. c=. coin es oss own ageyec Vacs cs Peet ees csecennceens 22 


D. DAMAGE ACCUMULATION VIA LIFE CONVOLUTION .......... 23 
Pepivorvenieay \)ainace UNCON 5... cea. .0<2:-..:9ete sss. cess 4 


Pee xponential omnebanage PUNCHOM 7 ........1.geels--c:-----2---s-.. 20 


er Oe wows IG INFORMATION THEORY ...........-...00cbeccce cee ceteeeen a, 
fee ley rele UNM AUELY SS oper cw eyenes «seis e+ + os ee en casei eb eee 20 
B, AN EXAMPLE OF BAYESIAN INFERENCE ...............5-0-00 0000 Zh 
Cre ea MUINMUDICETIOOD ESTIMATION .........2:05.:c5eeed -teeenne: 25 


D. AN APPLICATION OF MAXIMUM LIKELIHOOD ESTIMATION 31 
ieee eS INI 7075-16 FATIGUE DATA BASE .............0060.. sce. scseseeeees 39 


PROSUNMUROMUGATON, <occccscecscovtecevesceees-ctastdesesseeenes: ee 33 
B. NOTATION AND TERMINOLOGY ..........c0ccccceceeeeseeeeeeeneeeees 34 
CMERIOWIDE TO APPENIDIX A. .......c0pecc.--:--<-scececoesees-eeeeoesezeen 36 
D. PRELUDE TO APPENDIX B .........cccccccececceeceteeeeesereeeetnnees 36 
EMER BUD NOPNPREINIDEX Co .......-...-.00--..-0.0lfbcvas.-0+-200sts een 37 


Vil 


F. PRELUDE TO APPENDS ee 37 

VII. CONCLUSIONS AND RECOMMENDATIONS .....................0000.0005. Bo) 

A. CONCLUSIONS Fone 39 

B. RECOMMENDA TIONS Fie Bo 

LIST OF REFERENCES .......:2.257 25 -:sshes... 4] 

BIBLIOGRAPHY ........2..50:0.25, eee =e en 45 

APPENDIX A. CONSTANT AMPLITUDE, AXTAL FATIGUE .................. 47 

APPENDIX B. SPECTRAL, AXTAD FATIGUE”... ee 93 

APPENDIX C. CONSTANT AMPLITUDE, ROTATIONAL FATIGUE ........ 15 

APPENDIX D. SPECTRAL, ROTATIONAL FATIGUE ....................0...... ie 

APPENDIX E. SPECIMEN DRAWINGS ............... ee eee cree 125 

APPENDIX F. NACA “SAWTOOTH” LOAD SHAPES ........................4.. 14] 
APPENDIX G. DEVELOPMENT OF GUST AND MANEUVER LOADING 

SPECTRA... .....2eent teases Suess s- >.) gauge 143 

APPENDIX H. ROTATIONAL LOAD SHAPE SPECTRA ........................ 145 

INITIAL DISTRIBUTION List... 2 eee ei, 147 


Vill 


ACKNOWLEDGEMENT 


The author would like to acknowledge the financial support of NAVAIR (PMA- 
290) for allowing the purchase of equipment used in this thesis. This work was performed 
under contract NOO01996WXCD3YA. The author wants to thank Professor Edward M. 
Wu for his professional commitment to education and the advancement of science, as well 
as his dedication to the fleet. His advice and work on this thesis was indispensable and 
made this a valuable learning experience. The author also wants to thank Professor 
Gerald H. Lindsey for his support and help in editing this work. 

Special thanks to my wife, Jenny, and children, Chad and Paul. Their faithful 


support and understanding inspired me. 





I. INTRODUCTION 


A. BACKGROUND AND PERSPECTIVE 


The Navy’s maritime patrol aircraft, P-3 Orion, is expected to be in service until 
the year 2015. Until that time no funding for a replacement aircraft is envisioned. 
However, a life extension program is being formulated and funded to assure the safety of 
the air crew and availability of aircraft for necessary missions. Several programs under the 
Naval Aircraft Structural Integrity Program (NASIP) that apply to the P-3 are 
diagrammed in Figure 1.1. As part of the Aircraft Structural Life Surveillance (ASLS) 
Program, the Structural Appraisal of Fatigue Effects (SAFE) monitors the life of the 
existing fleet P-3’s. The Sustained Readiness Program (SRP) is established to ensure that 
these P-3’s at least reach their current certification life. Furthermore, the Structural Life 
Assessment Program (SLAP) is required by law to justify life extension. Finally, the 
Service Life Extension Program (SLEP) is being formulated with the goal of extending the 


certification life. 
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Figure 1.1 P-3 NASIP Outline 
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Historically, the P-3 airframe has been fatigue tested to 10,000 hours during the 
original design phase. The current certification life of 24,000 flight hours has evolved 
from analytical predictions. Since some of the Lockheed Electra’s (civilian version of P- 
3) are still operating at flight hours well beyond 24,000, the Navy is hopeful of extending 
the life of the P-3. Currently Lockheed is under contract to develop testing strategies for 
the Service Life Extension Program (SLEP). In fiscal year 1999, a contract will be 
awarded for a destructive full-scale article fatigue test on a 25 year-old P-3. 

The Sustained Readiness Program (SRP) 1s initiated to battle corrosion. Many 
aircraft will not reach their certification life if corrosion problems are not addressed and 
eradicated. In the past, corrosion had been buffed out without a good record of how 
much structural material was removed and from which specific areas. SRP identifies the 
corroded aircraft components, which are then replaced with new material vice eradication 
of corrosion via buffing. In effect, this process creates a “like new condition”. Based on 
material type, severity of corrosion and potential for fatigue damage, some removed parts 
are placed into Sustained Readiness Program (SRP) “core kits” for use in research (e.g., 
Core Kit W1-Wing Front Spar; Web and Caps). 

Structural Appraisal of Fatigue Effects (SAFE) determines and tracks the fatigue 
life expended (FLE) for each P-3 aircraft. FLE per aircraft is tracked via 30 critical 
components or “hot spots” which have been identified by several Lockheed tests. An 
indicated FLE of 100 % is expected to ensure a 99% likelihood of a crack-free structure. 
AeroStructures, Inc. uses the Fatigue Analysis of Metallic Structures (FAMS) computer 
program to calculate FLE for each of the 30 critical structural locations. FAMS uses an 
input of the flight load spectrum of each aircraft. The resulting SAFE reports, which are 
published quarterly, identify hot spot No. 12 (Wing Station 209, lower front spar web) as 
the leading area of FLE for most P-3 aircraft. 

The overall objective of these P-3 structural integrity programs is to provide 
increased reliability against failure during the service lifetime. Since fatigue testing, 


which is time consuming and destructive, cannot be conducted on a large scale, the 


existing methodology is based on the statistics of limited samples. Many assumptions of 
uncertain validity are required to utilize such statistical data. A probabilistic approach 
originated by B. Coleman [Ref. 1] utilizes a convolution integral to assess damage 
resulting from different load histories. The Naval Postgraduate School (NPS) can 
contribute to the life extension program through the evaluation of conventional 
methodology and the formulation of modern damage accumulation to supplement the 
conventional fatigue analysis, from constant amplitude load history to spectrum load 


history, and to extend the prediction to include life variability. 


B. NPS P-3 LIFE EXTENSION PROGRAM 


The strategy of the NPS participation is to develop fatigue data for the aluminum 
alloy used in P-3 structures. A data generation program will be kept productive by 
overlapping thesis students. Additional data will be compiled from literature and 
laboratory sources. The data will be interpreted by conventional fatigue analysis, and 
variability predictions will be explored as appropriate. 

In the near term, data collection is underway for constant amplitude fatigue tests 
and the equipment for spectrum fatigue testing is being assembled for the second phase of 
testing. Spectrum fatigue data, when available, will be interpreted by damage 
convolution. The result will be compared to constant amplitude fatigue prediction such 
that a methodology for spectrum life prediction is available for modified flight profiles. 
These verifications will be performed on new samples, which will be subjected to a 
variable amplitude load history in the laboratory. 

In the intermediate term, structural parts (from “core-kits”’) with known service 
histories will be made into laboratory samples. Additional spectrum fatigue loading will 
be applied until failure. The observed residual life will be compared to the predicted 
residual life using the damage function convolution method, as well as conventional 


methods. 


J 


In the long term, critical sub-structural components (with known service history), 
such as a wing box, will be tested in the actual structural configuration. Structural fatigue 
damage, when observed in the laboratory test, will be refurbished and testing will be 
continued. This will allow a lead time to forewarn of any needed refurbishment of fleet 


aircraft. Figure 1.2 outlines the proposed P-3 life extension program at NPS. 


GC SCOPE OF THIS RESEARCH 


The scope of this research was to explore methods for predicting the fatigue life of 
critical components in the P-3 aircraft and to generate a related fatigue database. 
Conventional and probabilistic fatigue life prediction methodologies were examined in 
parallel. As reported in the open literature for over 35 years, conventional fatigue life 
prediction methods, based on statistics, suffer due to a lack of sufficient data for statistical 
qualification. For this reason, median values are traditionally applied to lifetimes. 
Statistics are usually not adequate for predicting life variability because economic 
considerations make it impractical to run the large number of fatigue tests required. 

Metal fatigue can exhibit wide scatter in fatigue testing data, which implies a very 
large variation in lifetime. Probabilistic methods, which have not been widely applied to 
fatigue, predict the life variability based on the underlying physical phenomena and a 
statistical inference. Both conventional and probabilistic fatigue life prediction 
methodologies use the same set of data. 

Fatigue data for Aluminum 7075-T6 was compiled for this thesis. Aluminum 
7075-T6 is the primary material of the critical components in the P-3. Emphasis was 
placed on sheet stock, as sheet material is used in the primary hot spot (Wing Station 209, 
lower front spar web). Testing materials and equipment were assembled, and constant 
amplitude data was produced from tests conducted at NPS. Additional fatigue data was 


compiled from literature and laboratory sources. 
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igure 1.2 Proposed P-3 Life Extension Program at NPS 





Il. CONVENTIONAL FATIGUE LIFE PREDICTION 


Fatigue damage during the crack initiation phase can be related to dislocation 
movements and similar mechanisms which occur on a microscopic level. Due to the 
difficulty in measuring such phenomena, most cumulative damage methods are empirical. 
In the case of the Palmgren-Miner hypothesis, the energy loss due to hysteresis loops of 
different magnitudes is considered additive. Based on this idea, a linear damage method 


called Miner’s rule follows: 


ae (2.1) 


Where 7; is the number of cycles at a given stress level S; and J; is the fatigue life in cycles 
at this stress level. Failure is assumed to occur when the summation of damage fractions 
is > 1. When the ability of the material to dissipate energy from hysteresis loops reaches a 
limit, crack initiation occurs. However, Miner’s linear damage rule does not account for 
sequence effects, such as the mean stress effect, which is caused by residual stress. 

The rainflow counting approach originally presented by Matsuishi and Endo 
presents an analogy where the strain history forms a series of pagoda roofs. Hysteresis 


cycles are defined based on how the rain flows off these roofs, as illustrated in Figure 2.1: 


Strain 





Figure 2.1 Stress-strain response to given strain history [Ref. 2:p.192]. 
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In Figure 2.1, four events occur as closed hysteresis loops, each having its own strain 
range and mean stress value. The damage of each hysteresis cycle 1s accumulated using 
Miner’s rule. The sequence effect, whereby mean stress influences fatigue damage, is 
accounted for, because each rainflow-counted strain cycle occurs about its appropriate 
mean stress. 

Physically, the rainflow count reduces the stress-strain history to hysteresis loops 
which include mean stress effects. Several methods employ the rainflow count to convert 
a variable load history to linear damage. Three examples using strain-life equations that 


include mean stress effects follow: 


Ae 6,-6 





Morrow: os =e ~ e-(2N,) (22) 
A — oor b : 
Manson-Halford: = = ie (2N,) tr ee a2) (2N,) (2.3) 
. Ag (s;)’ 1 b+c 
Smith-Watson-Topper: 0... 5B (2N,) +0,,(2N, } 
(2.4) 
Ao 
where max = om (23) 


These equations can be solved for the life to failure, Ny, given the value of the mean stress, 
Om, Strain range, Ae, and /or the stress range, Ao, for a hysteresis loop. Consequently, 
1/Ny corresponds to Miner’s damage fraction for the hysteresis loop. Again, life to failure 
will be predicted when the cumulative damage from individual hysteresis loops is> 1. 

At the Naval Postgraduate School, the Fatigue Life Program (FLP) was developed 
by LT Michael Skelly [Ref. 3]. FLP calculates the cycles to failure using a choice of 
strain-life equation; either Morrow’s, Manson-Halford, or Smith-Watson-Topper. The 


computer program reads in a specified load sequence using stress or strain as an input. 


A similar computer program called the Fatigue Analysis of Metallic Structures 
(FAMS) used by AeroStructures, Inc. (ASI) also utilizes the rainflow count method. 
However, instead of using a strain-life equation that incorporates mean stress, as above, 
the mean strains of each hysteresis loop are converted to an equivalent strain at zero mean 
stress. Then, by entering the strain-life curve for completely reversed straining about zero 
mean load with the equivalent strain, the life Vy is determined. 

FAMS uses Morrow’s linear relationship, Eq. 2.6, to convert the actual hysteresis 
loop strain amplitude, €,, to an equivalent strain amplitude at zero mean, €¢q. 


ce. Oi 
—2 =] (2.6) 


oor 





This relationship is shown graphically in Figure 2.2: 





Figure 2.2, Morrow’s linear relationship. 


Once €,, has been determined, the strain-life curve for zero mean can be used to find Ny. 
Figure 2.3 depicts the strain-life curve where the total strain amplitude has been 
resolved into elastic and plastic strain components from steady-state hysteresis loops. Ata 
given life, N;, the total strain is the sum of the elastic and plastic strains. Both the elastic 
and plastic curves can be approximated as straight lines. At large strains or short lives, the 
plastic strain component dominates, and at small strains or longer lives, the elastic strain 


component dominates. 
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Figure 2.3 Strain-life curve showing total, elastic, and plastic strain components. 
[Ref. 4:p. 77] 


The strain-life curve for zero mean strain 1s described by the following strain-life 
equation: 
Ae _ Sr 
ee 


where Aé/2 is the total strain amplitude or in the case of FAMS methodology, Aé/2 Is €eq. 


(2N,) +e,(2N,) (2.7) 


The elastic strain amplitude, Ae./2, and plastic strain amplitude, Ae,/2, are shown in Eq. 


2.8 and Eq. 2.9, respectively: 





a. 
= =-~(2n,) (2.8) 

ar 

— =e;(2N,) (2.9) 


Note that a distinction exists between strain-life and stress-life methodologies. At 
long lives, where plastic strain is negligible, and stress and strain are easily related, the 
strain-life and stress-life approaches are essentially the same. The load levels are low, so 
stresses and strains are linearly related. Therefore, in this range load-controlled and strain- 
controlled test results are equivalent. However, for low cycle fatigue, where damage 
depends on plastic deformation, the strain-life approach is required. In the plastic region, 
strain-control is used for fatigue testing to provide the high resolution needed because 
stress and strain are non-linearly related. 

Strain-life methods are considered crack-initiation life estimates and are employed 
by the U. S. Navy. In the case of the U. S. Air Force, crack initiation is considered an 
overly conservative criterion for component failure. Therefore, the Air Force uses 
fracture mechanics methods to determine crack propagation life from an assumed initial 
crack size to a final critical crack length. The fracture mechanics approach, which requires 


more extensive inspections, is generally not considered suitable for Naval operations. 





lil. PROBABILISTIC APPROACH TO FATIGUE 


A. INTRODUCTION 


The conventional fatigue-life prediction methodology, which relies on experience 
based weighting factors known as safety factors and safety margins, gives little indication 
of the failure probability of the component. Failure probability may vary from low to very 
high for the same safety factor. Much of the conventional statistical methodology is not 
applicable to analysis of the reliability of an aircraft against failure by fatigue. Use of the 
“mean time between failures” is not acceptable when the real concern is the time of the 
first failure. 

Probabilistic methodology, on the other hand, 1s adequate for calculating 
component reliability. Probability can be applied to obtain a quantitative assessment of the 
variability in fatigue life. Therefore, a probabilistic approach may add real value to current 
methodologies for predicting reliability and readiness of Naval aircraft. From a reliability 
perspective, the probability of having one failure of a hot spot on a specific aircraft at a 
given number of flight hours can be determined. Similarly from a readiness point of view, 
the number of aircraft, fleet wide, which will need to be reworked to keep the probability 
of failure below a reliability target can be determined. 

Probabilistic methodology identifies explicitly all the variables and parameters 
which determine both the stress, strength, and life distributions. Figure 3.1 illustrates 
various factors which contribute to the stress and strength distributions. Once the 
underlying distributions are determined, the component reliability can be calculated. 
Although the probabilistic methodology necessary for properly dealing with fatigue 
problems has been available for some time, it remains largely unapplied. 

Modern personal computers are capable of performing reliability calculations and 
simulations that are impossible by hand. Information theory can now be applied to the 
development of data and to reliability approaches that had little engineering promise in 


previous decades. 


S = stress & = strength 


SB (Vie vee B= f(xy, X0- Xn) 
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Figure 3.1 An illustration of various factors contributing to the stress and strength 


distribution. [Ref. 5:p. 74] 
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The type of information that can be obtained from a probabilistic analysis of S-N 
(stress-life) data is demonstrated in Figures 3.2 and 3.3. These figures depict a three- 
dimensional probability distribution function (pdf) and cumulative distribution function 
(CDF) in which the probability of component failure is given per flight hour and varies 
with operating stress level. The three-dimensional pdf and CDF, contain reliability and 
readiness information, respectively, as described previously. 

The three-dimensional pdf and CDF plots are more realistic than the conventional 
S-N curves which do not account for variability. The conventional S-N curve is merely an 
average of fatigue life distributions and strength distributions as shown in Figures 3.4a, 
3.4b, and 3.4c. Note that the S-N curve, and the three-dimensional pdf and CDF plots, 


represent the same set of fatigue data. 
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Figure 3.2 3-D probability distribution function (pdf) 
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Figure 3.3. 3-D Cumulative Distribution Function (CDF) 
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Figure 3.4a Conventional S-N diagram (log-log scale) [Ref. 5:p. 191] 
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Figure 3.4b Scatter in fatigue life at a given stress (log-log scale) [Ref. 5:p. 191] 
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Figure 3.4c Fatigue life distributions and strength distributions [Ref. 6:p. 94] 
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B. PROBABILITY CONCEPTS 


A brief introduction to probability concepts is included to provide a foundation for 
probabilistic methodologies. Let A and B represent two hot spot locations on a given P-3. 
Then the occurrence of event A corresponds to a fatigue failure of the critical component 


at hot spot A. 


PA}: The probability event A occurs Geb) 
AMB; Intersection, both event A and B occur (3.2) 
AUB; Union, either A or B or both event AandBoccur (3.3) 
P{AMB} = P{A|B}P{B}; 3 axiom of probability theory (3.4) 


The conditional probability of event A, given event B is defined as P{ AJB}. Hence, the 3“ 
axiom of probability theory states that the probability both A and B will occur is just the 
probability that B occurs times the conditional probability that A occurs, given the 
occurrence of B (provided that the probability that B occurs is greater than zero). For 
events to be independent, the probability of one occurring cannot depend on the fact that 


the other is either occurring or not occurring. Thus if A and B are independent, 


P{A\B} =P{A} (3.5) 
and P{AMB} = P{A|B}P{B} becomes, 
P{AAB} = P{A}P{B} (3.6) 


Another situation arises in probability where two events are mutually exclusive. 
That is, if A occurs, then B cannot, and conversely. Thus P{A|B} =0 and P{B|A} =0, 
or for mutually exclusive events 
P{AMB} =0 (3.7) 
The union, AUB, noted above as either A or B or both event A and B occur, 
written in terms of probability P{ AUB} follows: 
P{AUB} = P{A} + P{B} - P{AMB} (3.8) 
If events A and B are independent of one another, then 
P{ AUB} = P{A} + P{B} - P{A}P{B} (3.9) 
Furthermore, for mutually exclusive events 


P{ AUB} = P{A} + P{B} (3.10) 
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The concepts shown above for a two component system can be extended by 
Boolean algebra to a three and four component system as shown below: 
P{AUBUC} = P{A}+P{B}+P{C}-P{AB}-P{BAC}-P{ANC}+ 
P{ANBNAC} (Sel) 
P{AABNC} = P{AIBAC}P{BOC} = P{AIBAC}P{BIC}P{C} (3.12) 


P{AUBUCUD} = P{A}+P{B}+P{C}+P{D}-P{AMB}-P{BoC}-P{ANC}- 
P{ AND }-P{BAD}-P{CAD}+P {AABACND} (71s) 


P{ARBACAD} = P{AIBACAD }P{BACOD } = 
= P{AIBACND }P{BICAD }P{C|D}P{D} (3.14) 


C. WEIBULL DISTRIBUTION 


Historically, the normal, log normal, extreme value, and Weibull distributions have 
been used as adequate fatigue failure density models for various metals. In fact, when 
dealing with probabilities about the mean, all of these models will provide reasonable 
results. However, when estimating the tail probabilities, it 1s believed that the Weibull 
model best matches the underlying physics of fatigue failure. 

The Weibull distribution is particularly justified for situations where a “worst link” 
is responsible for failure. In the case of fatigue failure it 1s assumed that the fracture starts 
at the weakest point analogous to the weakest link in a chain. Consider a component 
comprised of N elements. For the component to have life, t, each element must have life, 
t. If any one element does not have life, t, the whole component fails. In other words, 
when the weakest link fails, the component fails. 

The weakest link phenomena may be illustrated using Boolean algebra. The 
reliability of the component is conceptually a chain of elements, or series of links. The 
fatigue strengths of the N links are described by the random variables X1, X2, X3...Xn. 
For a three component system where R denotes reliability or probability of non-failure, 


R3 {Xin XO) X3} = R{X1|XaX3 }R{Xo|X3 }R{X3}. (3.15) 


le 


Assuming now that the component ts made up of many elements and the reliability of each 
is independent, 

Rn = REX1A Xa X3N...0 Xn} = REX} REX} RLXK3}... REXy}. (3.16) 
Ry denotes the component reliability as a product of the reliabilities of its elements. This 


formulation correlates to the physics behind fatigue failure. 
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IV. MODERN DAMAGE ACCUMULATION METHODOLOGY 


A. PROBABILISTIC MODEL 


To obtain an accurate reliability estimate from direct testing, with a reasonable 
degree of certainty, requires testing a number of samples an order of magnitude greater 
than the desired reliability. The desired reliability for a military aircraft is one failure in 
100000 (or 1-10° = 0.99999). Thus at least a million samples would have to be tested for 
a Statistical approach. 

Nonetheless, an analytical model can be used to determine the probability with 
limited data or testing. The probabilistic model can be based on experience and an 
understanding of the physical phenomena. Engineering models are formulated from a 
prudent identification of the underlying physical process and application of mathematics 
to model the physics. 

Fatigue damage depends on the applied stress level and duration of load. Hence, 
the general form of the cumulative distribution function (CDF or F) of fatigue must be a 
joint distribution of stress (S) and time (t) => F(S,t). A general probabilistic distribution 
function for failure time was proposed by B. Coleman [Ref. 1] and incorporated by 
Phoenix and Wu [Ref. 7:p. 139]: 


F(t|S) = 1- a9 “4 jx) ,t>0 (4.1) 


where S(t), t 2 0 is the stress history, K(e) is a special function called the breakdown rule, 


and w(e) is called the shape function. 


B. FLAW DISTRIBUTION 


Intrinsic flaws for brittle and ductile failure are related to crack size (a) and 
dislocation density (d), respectively. Flaws are a random occurrence, intrinsic to the 


material and manufacturing process. Failure occurs when the crack size or dislocation 


Za 


density exceeds a critical value. The probability of occurrence of flaws greater than 
critical within metric volumes of the structural component is binomially distributed (a 


concise summary can be found in Lewis [Ref. 8:p. 22]): 


(N-n) 


f,(n) = CY p"(1-p) (4.2) 
where p is the probability the flaws are greater than the critical value: 
p=P(a>a. ord >d)); 
and N = number of metric volumes 
n = number of flaws a> a, ord > d, 

For a serviceable aircraft component, the probability of occurrence of a flaw 
greater than the critical value within any metric volume must be very small. When the 
critical flaw density 1s low (p << 1), and the number of metric volumes is large (N>>1), 
then 

In(1-p) = -p (4.3) 


and the binomial distribution reduces to the Poisson distribution [Ref. 8:p. 149]: 


fn) (Ele (4.4) 


where wp 1s the location parameter. Furthermore, in fatigue, the location parameter of the 
distribution of flaws is time dependent. As time increases, flaws increase and the 
probability that the flaws exceed the critical value increases. In summary, the flaws ina 


component have a Poisson distribution. 


Cc. LIFE DISTRIBUTION 


For any given instant of time, in order for a component to have life t, each of its 
elements or metric volumes must have life t. When the weakest link fails the component 
fails. In the case of the P-3, the critical components consist of elements or links in the 
chain. Furthermore, the failure mechanism 1s assumed to be homogeneous. In other 


words, the failure process for the component is the same for the metric volume. A larger 
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component will have more elements, but the flaw distribution does not change. When this 
is true, the shape function defined as w(x) takes on the Weibull form: 

Wa) =T (4.5) 
where T is the life of a single element, and a is the number of elements in the component. 
w(<) 1s increasing and unbounded, meaning that the component has a finite life. The 
resulting CDF follows: 

F(t/S) = ]- exp{- Y(7)} (4.6) 
where 
t = the random variable time 
t=t/t : tis some intrinsic (normalizing) time constant 
Note that this Weibull life distribution has an underlying Poisson flaw distribution, as 


previously described. 


D. DAMAGE ACCUMULATION VIA LIFE CONVOLUTION 


The intrinsic normalized life, t, for a given stress history, S(t), is obtained by 


convoluting the effect of stress via the breakdown rule «(e): 
1¢ 
T= - | «(S(t))dt (4.7) 
tj 


where t is a non-dimensionalizing and normalizing parameter for time, t; is the initial time, 
te 1s the final time, and «(S(t)) is a damage function. Hence, t is the fractional life 
consumed. This process accumulates fractional fatigue damage, in a fashion similar to the 
conventional methodology described in Chapter I, which applied the rainflow-counting 
algorithm to Miner’s rule. 

Substitution of Eq 4.7 into Eq. 4.5 and then the result into Eq. 4.6 yields the 


following equation: 
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F (t|S) = 1—exp)-— sto (4.8) 


Stated in words Eq. 4.8 is the probability of failure of the component given its stress 
history, S(t), the time at which the probability is desired, t, the damage function, «(S(t)), 
and its parameters. 

Different physical processes give rise to different forms of the damage function 
K(S(t)). Several forms of x(S(t)) are frequently used in engineering. In the case of this 
research, the power form and exponential form are explored. Combinations of these two 


forms are also possible. 


1. Power Law Damage Function 


The first proposed damage function is based on the power law. This form has 


been observed to fit low cycle fatigue data in metals associated with yielding. The power 


(50) (4.9) 


form 1S: 


«(S(t)) 


where b is a constant exponent, and C; is a constant non-dimensionalizing parameter for 
stress. Hence, S(t)/C; 1s the normalized stress history. Both b and C, are material 
constants. The constants are determined by fitting a line to Stress-Life (S-N) data for a 
given material in log space where: 


__! 
~ slope 





(4.10) 


C; = intercept (4.11) 


and b is always negative. The power form plots as a straight line on the log-log axis, as 


shown in Figure 4.1: 
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Figure 4.1 


Substituting Eq. 4.9 into Eq. 4.8 yields: 


F(t/S) = 1- exp {2 7 (4.12) 


tj 


Next, the parameters from the life test are related to the parameters in standard Weibull 


form. The standard Weibull reliability function is: 


R(t) =1- F(t) = a 4] | (4.13) 


where R(t) is the probability that the component has not failed in time t, B; is a scale or 
location parameter for life, and a 1s the life shape parameter. 


Equation 4.12 is written in terms of reliability, R(t|S), and equated to Eqn. 4.13: 


wc|-(4(2} 2] feel (3)} a 


The elements of Eq. 4.14 are known; tis an arbitrary normalizing parameter, C,, b, By, and 


Ol, are determined from material testing. a is the size effect parameter, which is unity if the 
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test specimens are the same size as the actual part. Given a stress history, Eq. 4.14 can be 


solved for the life t. 


as Exponential Form Damage Function 


The second proposed damage function is defined using an exponential form. This 
form has been observed to fit high cycle fatigue data in metals associated with flaw 


growth. The exponential form 1s: 


«(S(t)) = ae {So (4.15) 


where C2 is a constant and C3 is a constant non-dimensionalizing parameter for stress. 
Both C2 and C3 are material constants. These constants are determined by fitting a line to 
Stress-Life data for a given material in semi-log space where: 

C3 = slope (4.16) 


C2 = exp(intercept/Cs) (4.17) 


The exponential form plots as a straight line on semi-log axes, as shown in Figure 4.2: 





Figure 4.2 
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V. PROBABILISTIC INFORMATION THEORY 


A. BAYESIAN ANALYSIS 


Bayesian analysis involves expressing subjective knowledge about model 
parameter values as an a priori distribution for them. This distribution is then 
mathematically combined with observed data to yield the posterior distribution for the 
parameter values. The posterior distribution reflects the added information from the data 
and is narrower than the a priori distribution. The posterior yields a Bayesian estimate 
and probability limits for the true parameter values. 

The Bayesian approach to sequential testing uses a posterior probability statement 
that is continually updated as new test data become available. Bayesian statistics combine 
subjective judgment or experience with hard data to provide probabilistic estimates. The 
Bayesian approach is based on the following equation which is a version of Bayes’ 
theorem: 

P{BIA}P{A} 


P{A|B} = —— (3) 


(5.1) 


Here P{A} is the prior probability of the event A before the information about B becomes 


available, and P{A|B} is the posterior probability of A based on the information. 


B. AN EXAMPLE OF BAYESIAN INFERENCE 


Bayes inference after one outcome Y from {X} can be written by conditional 


probability as in Eq. 5.1: 


Py ee ye 
P{x,|y} a aan J (5.2) 
By Law of Total Probability, 
P{Y} = > P{vix, \p{x, | (5.3) 
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where X,, X,, ...X, are the only outcomes of {X}. Then considering only the event X, , 


the Bayes inference after one outcome Y from the finite set X, can be written as: 
P{Y|X, }P{X; } 


> P{vix, }P(x,} 


k=] 


P{X,1Y} = (5.4) 

A hypothetical scenario will now be worked out to demonstrate the usefulness of 
Bayesian inference. Consider two fatigue analysis methods which are used to estimate 
the life of the P-3 aircraft after corrosion eradication. Method A estimates 30,000 
additional flight hours until first failure; method B estimates 12,000 additional flight 
hours until first failure. These methods are considered to be equally valid. Given these 
estimates, one refurbished P-3 is ground tested for 6,000 hours with no failure observed. 

In light of the 6,000 hours of test time, this example will determine the weighted 
validity of method A and B respectively, as well as determine an upgraded estimate of the 
time to first failure (TTFF). The following variables are assigned: 


t := test hours simulating a given flight profile 

X, := the event that TTFF by Method A is correct 
Xp, := the event that TTFF by Method B is correct 
Y := testing hours to first failure 


Because of equal weighting and the possibility of only two outcomes, the prior 
probabilities, that method A or method B is correct, are: 


P{X,} =0.5 
P{X,} =0.5 


Before testing, equal weighting of the estimates gives: 


TTFF = X, P{X,} + XK, P{X,} OP) 
= (30,000)(0.5) + (12,000)(0.5) = 21,000 flight hours 


To quantify P{Y}, a distribution function is required. For purposes of this 
example a constant failure rate model is assumed (whereas finding the proper model and 
estimating its parameters is the focus of this research): 

P{Y|X;} = exp(-t / TTFF,) (5.6) 


then: 
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PLYIX,} = @76000/30000 _ 9 919 


Now the appropriate values are substituted into Eq. 5.4 for each prediction 
method: 


(0.819)(0.5) 

PIXAIY} = (0819)(05) + (0.60705) 
(0.607)(0.5) 

PLXSIY} = (0819)(05) +(0607(05) 


Where P{X a y} and PIX, LY} are the revised probabilities that method A and method B, 


respectively, are correct in light of the 6,000 hours of testing. 
Given the revised weighting of the methods a new estimate of the TTFF is 
obtained from Eq. 5.5: 


TEP — xX, Pix.) + X, P{X,} 
= (30,000)(0.574) + (12,000)(0.425) = 22,300 flight hours 


The updated information has been obtained even though no failure has been observed in 


the testing. 


Cc. MAXIMUM LIKELIHOOD ESTIMATION 


Point estimation uses observed data (realized random variables) in order to gain 
information about an unknown characteristic of the physical phenomena. Suppose X, the 
random variable, is the intrinsic value of a specimen chosen at random from a population. 
Then x , the realized random variable, is the value measured from an experiment. 
Furthermore, f{x;9) is the probability distribution function (pdf) that reflects the 
distribution of individual measurements in the population. Based on experience and the 
underlying physics, it may be reasonable to assume the type of distribution that /(x;8) 
represents, where 9 is an unknown parameter such as the mean or variance of the 


distribution. Point estimation assigns a value to 8 based on the experimental data. 
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One rudimentary method of parameter estimation is by a least squares fit of 
linearized data. However, least squares provides an equal weighting of the data which 
does not account for data cluster. A better, but more sophisticated, method called the 
Maximum Likelihood Estimate (MLE) weights the data by probability. Assume that a set 
of n independent random variables, X,, X,, ..., X,, each with pdf f(x;0) , will be 
observed, resulting in a set of data x,, x5, ...,x,. Then the joint density function for the 
observations can be written as the likelihood function, L(@): 

L(9) = f(x,;8) x2;9) ... An;8) re 
The maximum likelihood can be obtained by taking the derivative of L(9) with respect to 
6 and setting it equal to zero. Hence, MLE chooses the value of 8 that gives a higher 
likelihood of observing the given set of data. 

Many statistical software packages contain MLE routines, but typically they are 
limited to analysis of exact data (x = x;). Such software does not handle censored data 
(x > xj or x < xj) and interval data (xj_, <x <xj). In the case of fatigue, exact data 
represents 7 number of specimen all tested until failure. Right censored data can be 
described by analogy of testing a specimen for a given number of fatigue cycles and then 
terminating the test prior to failure. Left censored data can be described by analogy ofa 
specimen failing but the equipment counter continues to count fatigue cycles. Interval 
data can be described by analogy of a faulty counter that does not register cycles until a 
value of say 5000, and a specimen fails before 5000 cycles are reached. 

These types of data can describe the fatigue life of a given P-3 parked on the flight 
line. As an example of right censored data, the aircraft’s history up to date may be 
known and no failure has occurred. In that case, the aircraft is analogous to the specimen. 
On a different level, one must eensiden these different types of data sets to evaluate the 
expected fatigue life of post-SRP aircraft that will contain various mixes of new and old 
components. In this case, a wing or some other sub-structural component is analogous to 


the specimen. 
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At NPS, Professor Edward M. Wu has developed a sophisticated MLE software 
package for this research that handles exact, censored, and interval data. The MLE 
software has several uses. Besides estimating parameters of an exact data set, it can be 
used to determine how much testing will be required to get an adequate representation of 
an underlying distribution. Furthermore, the nature of a distribution can be explored via a 
coupling of the MLE software to a Monte Carlo analysis on multiple sets of simulated 


data. 


D. AN APPLICATION OF MAXIMUM LIKELIHOOD ESTIMATION 


Consider the set of 15 data points resulting from the failure of Aluminum 7075-T6 
coupon specimens tested at a fully reversed stress of 30,900 psi. The number of cycles 


to failure for each are listed in Table 5.1: 














[649060 
33685 
3 aia 





Table 5.1 “Exact” Data 


Using MLE the shape (a) and scale (8) parameters for a Weibull pdf have been computed 


from the exact data listed in Table 5.1: 
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o. = 3.84601 
B = 65146.9 


These parametric values can be substituted into the Weibull pdf, Eq. 5.8: 


f(x;0,,B) = | | = L5)) 


VS AS (5.8) 


Given the numeric values for a and B the Weibull pdf for the exact data is plotted in 


Figure sei: 


0 20000 40000 6OQ000 80000 100000 120000 
x 


Figure 5.1 Weibull pdf of Table 5.1 data 
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VI. ALUMINUM 7075-Té FATIGUE DATA BASE 


A. INTRODUCTION 


Experimental fatigue data is required for any analytical approach to life prediction. 
Conventional life prediction methods, like the Fatigue Life Program (FLP) developed at 
the Naval Postgraduate School (NPS) and the Fatigue Analysis of Metallic Structures 
(FAMS) program used by AeroStructures, Inc. (ASI), utilize historical or estimated 
fatigue data to calculate fatigue life expended or fatigue life remaining. Furthermore, the 
successful development of a generalized probabilistic fatigue life prediction model depends 
on a careful coupling of experimental data and probabilistic information theory. 

As stated in Chapter I; hot spot No. 12 (Wing Station 209, lower front spar web) 
is the fatigue critical area for most P-3 aircraft. The spar web is made of Aluminum 7075- 
T6 sheet. Therefore, a database for this material has been compiled in the Appendices. 
Although the bulk of the data comes from literature sources, some of it was generated 
from testing at NPS. 

Note that most S-N data is published (as in MIL-HDBK-5) in the form of S-N 
curves. As discussed in Chapter III, these S-N curves reflect an “average” and do not 
include life variability. Typically the raw data is not published and difficult to locate. In 
fact, some labs no longer have their original data. It is believed that the data compiled for 
this thesis will eventually provide a better understanding of fatigue life prediction. 

The remainder of this chapter will describe the type of data included in the 
Appendices. The data includes constant amplitude and spectral fatigue for both axial and 
rotational tests. The variables, required to categorize each test, include the specimens’ 
surface finish, the type of load applied, frequency of load, and size of specimen. This type 
of amplifying information, as well as drawings of the test specimens have been cataloged 


in an effort to provide a useful, one-source database. 
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B. NOTATION AND TERMINOLOGY 


Each table of data included in the Appendices has a common header containing 

terms or variables which will now be described: 

R—the ratio of minimum stress to maximum stress in the cycle. 

Mean Stress—maximum stress plus minimum stress divided by two. 

Kt—theoretical elastic stress-concentration factor. 

Notch Type—stress-concentrations were produced from central holes, edge-cut notches, 
or fillet-type notches. 

Thickness—thickness of coupon specimen, 1n inches. 

Width—gross dimension in inches; does not include subtraction of central-hole or notch. 

N. Width—net dimension in inches; only accounts for material widths at net section i.e., 
dimension of hole or notch has been subtracted. 


Gross Area vs. Net Area—see Figure 6.1 below: 


Grass Area 


Net Area 





Piate with Hale 


Figure 6.1 “Gross” vs. “Net” [Ref. 2:p. 139] 


Load Direction—axial for sheet material; ane to availability some rotational data was 
included for extruded rods. 

Load Shape—in most cases the cyclic fatigue loads were sinusoidal. However, some of 
the NACA testing applied a “sawtooth” load-time cycle as shown in Appendix F. 


Frequency—of applied load cycle in hertz. 


Frequency—of applied load cycle in hertz. 
Specimen—type, either a sheet-material coupon or extruded rod. 
Finish—surface polished or unpolished. 
Smax—the maximum stress for each specimen computed for the area of the net cross 
section. 
N—cycles to failure. 
+ (after data)}—indicates night censored data where the specimen did not fail (runout). 
* (after data)—indicates right censored data where the specimen failed in the grips or 
away from test section. 
-- (after data)—indicates left censored data where the specimen failed but the counter 
continued to accumulate cycles (1.e., no cutoff of equipment at failure). 
>,< (before data)—indicates interval censored data where the specimen failed in an 
interval between two known counts (note, two numbers required for data entry). 
Other terms will be addressed when appropriate to describe particular data sets. The 
tabular fatigue data has been divided into four appendices: 
Appendix A—CONSTANT AMPLITUDE, AXIAL FATIGUE 
Appendix B—SPECTRAL, AXIAL FATIGUE 
Appendix C—CONSTANT AMPLITUDE, ROTATIONAL FATIGUE 
Appendix D—SPECTRAL, ROTATIONAL FATIGUE 
Other related appendices: 
Appendix E—SPECIMEN DRAWINGS (Provided for analysis of size 
and other geometrical effects.) 
Appendix F—NACA “SAWTOOTH” LOAD SHAPES 
Appendix G—DEVELOPMENT OF GUST AND MANEUVER 
LOADING SPECTRA 
Appendix H—ROTATIONAL LOAD SHAPE SPECTRA 
The following sections include amplifying information that is not contained in the 


appendices: 
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C: PRELUDE TO APPENDIX A 


Appendix A contains data for unnotched and notched sheet specimens tested in an 
axial direction under a constant amplitude cyclic fatigue load. The first table contains data 
generated for this thesis; the testing was done on a MTS Model 810 test machine acquired 
by NPS in 1975 (similar to the 1985 MTS machine Smith describes in detail in Ref. 9). 
Smith used a 458 controller vice a 442 controller. Smith tested in strain control to 


produce strain-life data. The data for this thesis was produced using load control. 


D. PRELUDE TO APPENDIX B 


Appendix B contains data for notched sheet specimens tested in an axial direction 
under a spectral fatigue load. Because the aircraft operates ina complex physical 
environment it experiences an extensive service loading to include: gust loadings, 
maneuver loadings, landing impacts, taxiing and ground handling, ground-air cycle, 
buffeting, and acoustical noise. The contribution of some of these types of loading to 
fatigue damage is controversial. Nevertheless, fatigue spectra consisting of various loads 
were decomposed by Lockheed from a 96 minute flight data recording of a B-47, in 
accordance with MIL-A-8866. 

Various combinations of the above spectral service loadings were applied in 
coupon tests. The tables in Appendix B contain terminology that can be explained by a 
brief development of gust and maneuver loading histories. For clarification, Appendix G 
contains a pictorial development of gust and maneuver loading spectra. To correctly 
interpret the data one must understand the difference between ordered and random 
loading histories, as well as the terms varying stress and incremental stress. 

In short, gust loading is characterized by a varying stress component oscillating 
about a substantially constant mean load level. Low peak data is taken from a load history 
with varying stress oscillating about a lower mean stress than that for high peak data. 
Maneuver loading is characterized by incremental stresses rising above and then returning 


to a steady state or minimum stress. Ordered loading histories eliminate the natural 
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random sequence. The regrouped load cycles for an ordered history are repeated in a 
block. Hence, the failure of a coupon tested under an ordered history is recorded by the 


number of blocks to failure. 


E. PRELUDE TO APPENDIX C 


Appendix C contains data for unnotched and notched extruded rod specimens 
tested in rotation under a constant amplitude cyclic fatigue load. Since all tests were 
conducted in rotating-beam fatigue testing machines, stresses were completely reversed in 


all tests (1.e., R =-1). 


F. PRELUDE TO APPENDIX D 


Appendix D contains data for unnotched and notched extruded rod specimens 
tested in rotation under varying amplitude stress. Since all tests were conducted in 
rotating-beam fatigue testing machines, stresses were completely reversed in all tests. 
Two loading spectra were employed; one produced a stress amplitude that modulated 
sinusoidally with time and the other modulated according to an exponential function. A 
modulation cycle repeated after every 10,000 revolutions of the specimen. Figures of 


these two modulated load shapes are shown in Appendix H for clarification. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 


A satisfactory analytical prediction for the problem of fatigue life has been the 
elusive goal of some of the best scientists and engineers for over 160 years. The 
difficulty is due to the numerous variables involved, interactive failure mechanisms, the 
statistical qualities of nature, and the limitations of conventional stress analysis. For 
example, the micro-detailed geometrical fatigue analysis required at many points 
throughout a complex structure remains beyond the capabilities of the modern analysts. 
For these reasons, it 1s believed that a probabilistic fatigue life prediction model can be 
developed to provide a generalized and satisfactory solution. 

As stated in Chapter III, a probabilistic approach may add real value to the 
contemporary methods for predicting reliability and readiness of Naval aircraft. From a 
reliability perspective, the probability of having one failure of a hot spot on a specific 
aircraft at a given number of flight hours can be determined. Similarly from a readiness 
point of view, the number of aircraft, fleet wide, which will need to be reworked to keep 
the probability of failure below a reliability target can be determined. 

The development of a generalized probabilistic model warrants further research to 
enhance the scientific progress which will foster the safety, readiness, and reliability of 
aging aircraft fleets. The primary approach must be experimental. Due to expense and 
the statistics of a limited number of samples, experimental data must be coupled with 


probabilistic information theory if life variability is to be adequately predicted. 


B. RECOMMENDATIONS 


As a result of the research performed in this thesis, the following 
recommendations for further study are provided: 


1. Continue data base compilation from literature sources, and generation from 
laboratory testing. Place tabulated results on an Internet web site as a good 
will measure to stimulate and foster the sharing of precious fatigue data. 
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. Continue constant amplitude testing of new 7075-T6 coupon specimens. Test 
old coupon specimens of 7075-T6 (with known service history) removed from 
SRP refurbished aircraft. Conduct spectrum testing for modified flight 
profiles on new and old coupons. Use results to assess the residual life of 
current fleet aircraft. 


. Input the data into the Fatigue Life Program (FLP) and Fatigue Analysis of 
Metallic Structures (FAMS) software to assess the conventional fatigue life 
prediction methodologies. 


. Use the data to verify that the methodology for modern damage convolution 
includes the prediction of fatigue life variability. 


. Use an existing finite element model of the P-3 written by ASI to establish 
loading and boundary conditions for laboratory tests of critical structural 
components. 


. Conduct structural fatigue testing on a wing substructure available from a SRP 
core kit. The wing substructure, as specified, will consist of a section of the 
wing box (which includes spars, caps, planks and ribs) from WS 140 to WS 
235. This is the section of the wing that houses the inboard engines and 
landing gear. It contains several hot spots, including the primary critical 
locations at WS 209 and WS 167. Testing will allow lead time to forewarn 
any refurbishment of fleet aircraft. 


. Apply Bayesian inference formulation. Even if no failure occurs in the 
structural testing, probability can be used to assess the fleet’s reliability and 
material readiness posture. Probabilistic information theory will be required 
to assess the life prediction of post-SRP aircraft, which will contain a mixture 
of new and old components. 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NPS [Kousky] 


Constant-Amplitude Data for Unnotched 7075-T6 


[__R___] Mean Stress] Kt] Notch Type | Thick. (in) | Width (in)_ 
= a a LS 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen _| Finish 












32936 Unpolished 84452 Polished 
38653 Unpolished 86658 Polished 
39149 Unpolished é 119502 Polished 
42518 Unpolished s , 83595 Unpolished 
45330 ‘Unpolished 3 ~ 85059 Unpolished 
45541 Unpolished Mmurvss Unpolished 
46619 Unpolished 118506 Unpolished 
49060 Unpolished 125110 Unpolished 
52150 Unpolished 169926 Unpolished 
52180 Unpolished 175586 Unpolished 
53535 Unpolished 181927 Unpolished 
54676 Unpolished 211932 Unpolished 
56482 Unpolished 279772-- —Unpolished 
61247 Unpolished 370207* ~~ Unpolished 
68189 Unpolished : 410411* Unpolished 
10194 Unpolished >454000  Unpolished 
74580 Unpolished <902905 
78456 Unpolished 472635* — Unpolished 
81847 Unpolished 487092+ Unpolished 
89906 Unpolished 492156* —_ Unpolished 
130898-- Unpolished 492764* Unpolished 
36067 1-- Unpolished 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NPS [Ref. 9:p. 39] 


Constant-Amplitude Data for Unnotched 7075-T6 


[_R___ | Mean Strain | Kt] Notch Type | Thick. (in) | Width (in), 
[1 | 0 | 1 | None | 0198 | O27) 4 
"Lead Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 


STRAIN: 0.007 0.005 0.003 0.0025 
CY CEES: oso 897702 
84150 899463 
87636 900983 
87768 911760 
88058 929722. 
S127 i 948989 
100540 956620 
108722 1000654 
116234 1100362 
121783 1140783 
125777 1180456 
126239 1221588 
147686 1259846 
176532 1270138 
177003 1302555 
178180 1359872 
204188 1364563 
204984 oouli2 
217489 1390046 
224254 1400012 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NPS [Ref. 9:p. 40] 


Constant-Amplitude Data for Unnotched 7075-T6 


[—_R_] Mean Strain] Kt] Notch Type | Thick. (in) | Width (in) _ 
[Lead Dir, | Load Shape | Freq. (Hz) | Specimen | Finish 











STRAIN: 
CYCLES: 


0.007 
1348 
1512 
1597 
1704 
1812 
1987 
2056 
2144 
224/ 
2369 
2438 
ZOE 
2604 
2756 
2844 
2997 
3016 
3111 

3244 
3650 


0.005 


0.003 
90265 
50987 
piso! 
92242 
53310 
55204 
56897 
96943 
58883 
59468 
60014 
61156 
61783 
63464 
64987 
66663 
68007 
10977 
71149 
12465 
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0.0025 
70015 
96548 
97036 
101047 
117108 
202111 
266504 
307564 
3991/6 
445563 
458118 
497063 
595181 
686744 
701168 
707984 
862564 
887032 
887564 
1107363 





APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NPS [Ref. 9:p. 41] 


Constant-Amplitude Data for Unnotched 7075-T6 


[__R_ Mean Strain] Kt] Notch Type | Thick. (in) | Width (in) | 
[WA [0.063 |1 | None | 0.125 | 0375 
[Lead Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 


STRAIN: 0.007 0.005 0.003 0.0025 
CYCLES: 7500 12940 
10003 32431 
13250 43250 
18057 50893 
21989 57122 
27003 “ 59257 
34256 63587 
36651 70633 
40077 77752 
43001 80008 
43987 86554 
45554 90119 
50117 92655 
56462 99875 
60987 103003 
70543 109968 
74054 118578 
74988 119972 
75051 120875 
78239 146113 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NPS [Ref. 9:p. 42] 


Constant-Amplitude Data for Unnotched 7075-T6 


[__R__| Mean Strain| Kt] Notch Type | Thick. (in) | Width (in) 
"Lead Dir, | Load Shape | Freq. (Hz) | Specimen | Finish 


STRAIN: 0.007 0.005 0.003 0.0025 
CYCLES: 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 10:p. 55] 


Constant-Amplitude Data for Unnotched 7075-T6 


[__R___] Mean Stress] kt] Notch Type | Thick. (in) | Width (Gin) 
| __05 ieNA (ne 1 _ouaiNone |g | a 
[Load Dir. | Load Shape| Freq. (Hz) | Specimen | Finish _ 


| Smax (KSI) | ON | Smax(KSI) | ON | Smax(KSI) | ON 


90000 
95000 
126000 
83000 
75000 
92000 
103000 
114000 
134000 
135000 
51000 
75000 
98000 
99000 
282000 
336000 
511000 
252000 
735000 
2132000 
2820000 
6865000 
10000000+ 
10000000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 10:p. 56] 


Constant-Amplitude Data for Unnotched 7075-T6 


[__R___] Mean Stress] _Kt__ | Notch Type] Thick, (in) | Width (in)_ 
[Load Dir. | Load Shape|__Freq.(Hz) | Specimen | Finish 











21000 
21000 
22000 
23000 
2/7000 
33000 
34000 
38000 
93000 
64000 


74000 
144000 
195000 
221000 
68000 
72000 
92000 
93000 
236000 
237000 


87000 7355000+ 
294000 10360000+ 
58000 10000000+ 
62000 10000000+ 
62000 
117000 
125000 
147000 
167000 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 10:p. 57] 


Constant-Amplitude Data for Unnotched 7075-T6 


LR | Mean Stress{_ Kt | Notch Type | Thick. (in) | Width (in) | 
PN Nee ee eee 
|_toad Dir. | LoadShape| Freq. (Hz) | “Specimen | Finish _| 






9000 88000 
10000 201000 
14000 212000 
9000 678000 
11000 1591000 
11000 2230000 
12000 2239000 
14000 2230000 
16000 4423000 
28000 7684000 
36000 15320000 
37000 1658000 
38000 4616000 
39000 10000000+ 
60000 10000000+ 
80000 1571000+ 
81000 , 4455000+ 
88000 6911000+ 
99000 10000000+ 
21000 10000000+ 
52000 10000000+ 
100000 

130000 

178000 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 10:p. 58] 


Constant-Amplitude Data for Unnotched 7075-T6 


[_—R__ | Mean Stress] Kt] Notch Type | Thick. (in) | Width (in) _ 
[Lead Dir. | Load Shape | Freq. (Hz) | Specimen | Finish] 












35000 
51000 
52000 
72000 
83000 
152000 
209000 
241000 
2/1000 
2/1000 
405000 
1200000+ 
1200000+ 
1200000+ 
1362000+ 
1200000+ 
1400000 
1701000+ 
1780000+ 
1998000* 
1600000* 
2785000* 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 10:p. 59] 


Constant-Amplitude Data for Unnotched 7075-T6 


[___R____] Mean Stress] Kt] Notch Type | Thick, (in) _| Width (in) | 
et | A) nfo TC 
[Load Dir, | Load Shape| Freq. (Hz) | Specimen | Finish 






4350 
5510 
11000 
11000 
13000 
13000 
21000 
29000 
35000 
40000 
47000 
95000 
226000 
235000 
291000 
460000 
629000 
1220000+ 
1200000+ 
1200000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 10:p. 60] 


Constant-Amplitude Data for Unnotched 7075-T6 


[___R____] Mean Stress] Kt Notch Type] Thick. (m)_| Width Gn) | 
[Load Dir._| Load Shape| Freq. (Hz)___| Specimen | Finish 






569000 
71000 854000 
94000 12905000+ 
111000 : 3406000* 
184000 3431000* 
2/2000 4343000* 
404000 5251000+ 
412000 5498000* 
355000 10000000+ 
378000 10000000+ 
540000 










[——R_ | Mean Stress] Kt Notch Type] Thick. Gn) | Width Gn) | 
ee Ne None | Ot me 7 
[Load Dir._| Load Shape | Freq. (Hz) | Specimen | Finish 






30000 628000 
159200 ; 1680000 
162000 4348000 


168000 886/7000+ 
169000 10000000+ 
382000 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 11:p. 28] 


Constant-Amplitude Data for Unnotched 7075-T6 


[——R__] Mean Stress] Kt] Notch Type_| Thick. (in) | Width (in) 
NANG LO 
[Load Dir, | Load Shape| Freq. (Hz)_____| Specimen | Finish 


| Smax(KS!) | ON | Smax(KSI) | ON | Smax(KSI)[ ON 


33000 76000 
33500 134000 
35000 152000 
52000 259000 
59000 291000 
65000 625000 
76000 929000 
41000 1367000 
59000 1383000 
147000 76000 
298000 93000 
39000 620000 
57000 10000000+ 
57000 12141000+ 
59000 12941000+ 
70000 10183000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 11:p. 29] 


Constant-Amplitude Data for Unnotched 7075-T6 


____R__] Mean Stress] Kt] Notch Type _| Thick (in) | Width (in) 
PSeeBeiow {_Wa__[ | _ None 0.08 os 
[toad bir. | Load Shape [| —_Frea.(fi)__["Specimen_| "Finish 












1080 
1090 
1550 
2670 
2710 
5000 
6000 
9000 
11000 
16000 
17480 
20000 
21000 
23000 
40000 
41000 
45000 
47000 
105000 
272000 
311000 
373000 
1636000 
6289000 


16883000+ 
18117000 


a 


35000 
39000 
43000 
43000 
30910 
32390 
35990 
42990 
61240 
Woo7U 
81000 
81000 
86850 
89520 
103000 
468000 
976000 
702000 
2164000 
5829000 
2834000 


15439000+ 





APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


ALCOA [Ref. 12] 


Constant-Amplitude Data for Unnotched 7075-T6 


LR | Mean Stress|_ Kt | Notch Type| Thick. (in) | Width (in) | 
|_Load Dir. | Load Shape| Freq. (Hz) | Specimen | Finish 












5/200 
99700 
21800 
92600 
55200 
61800 
65000 
65900 
68500 
69200 
70200 
71000 
77300 
82800 
92000 
93500 
100300 
123100 
127800 
128800 
135500 
138600 
140400 
143000 
157500 
164300 
177900 
191800 
197600 
293900 
119700 
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135800 
191700 
22/700 
106400 
164400 
176100 
288500 
540900 
880000 
1089500 
1867300 
3498800 
5055800 
10953200+ 
14284100 
305200 
327800 
2565000 
4756800 
7185700 
10748300+ 
10772900+ 
10898900+ 
12875400+ 
14457300+ 
427900 
10929500+ 
10982500+ 
12665200+ 
12953300+ 
14314600+ 
10799300+ 





APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 2324 [Ref. 13:p. 22,23,34] 


Constant-Amplitude Data for Unnotched 7075-T6 


_R___ | Mean Stress| Kt] Notch Type | Thick, (in)| Width (in) | 
PSeceeiow [ Wa__[7 1 [None [og 
[Load Dir, | Load Shape | Freq. (Hz) | Specimen | Finish 


Test ratio (R) = 0.70 Test ratio (R) = 0.40 
|Smax(KS!I)/ ON | Freq. (Hz) | Smax(KS!) | =N | Freq. (Hz) _ 


80.0 2478100 22200 
To0 10538300+ ; 22600 
18200 


Test ratio (R) = 0.60 23600 
|Smax(KSI)| ON |, Freq. (Hz) : 23600 


23200 
224200 : : 20000 
94500+ : : 24000 
199700+ ; : 2/600 
14500 37500 
71700 : 39100 
68300 , 70300 
99000 , 63800 
162100 99200 
181600 . : 214200 
58600 : : 12615100+ 
432900 173200 
1140300 15640700+ 
10780500+ 
10780500+ 


Test ratio (R) = 0.50 Test ratio (R) = 0.25 
| Smax(KS!) | ON | “Freq. (Hz)_| Smax(KSI)| ON {| Freq. (Hz) | 


89000 . 29100 
4799800+ 25100 
92400 
155000 
157000 
179000 
14000 
120800 
3809500+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 2324 [Ref. 13:p. 23,24,34] 


Constant-Amplitude Data for Unnotched 7075-T6 


[__R__ | Mean Stress] Kt Notch Type | Thick. (in) | Width (in) | 
"SeeBelow | NA |.1 | None | 009 | 1 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 


Test ratio (R) = 0.10 Test ratio (R) = - 0.60 
| Smax(KS!) |) N | Freg. (Hz) | Smax(KSI)] ON [_- Freq. (Hz) | 











































































50.0 178000 18.3 8800 
47.5 892500 18.3 (ot 9400 18.3 
no0 11600 18.3 
65.0 11000 18.3 
|Smax(KS!)| ON | Freq. (Hz) | 60.0 11300 1.5 
6300 60.0 13600 ‘leo 
80.5 5800 1.5 60.0 15000 AnS 
80.5 6100 2 60.0 16500 leo 
80.5 9200 16.3 60.0 16600 18.3 
80.5 9400 18.3 60.0 19100 18.3 
80.5 9800 18.3 60.0 19400 18.3 
80.0 9700 18.3 5256 24600 18.3 
18.0 9700 18.3 43.0 51000 m5 
1520 14200 zo 43.0 48300 1.5 
ise 16200 18.3 43.0 63800 18.3 
70.0 18800 lige 40.0 46100 2 
65.0 19800 les 40.0 65000 iss) 
55.0 34600 in? 40.0 66700 1.5 
50.0 48000 18.3 40.0 152800 18.3 
45.0 148900 1s, 40.0 168700 18.3 
45.0 105800 les ao 75800 liso 
45.0 99400 18.3 Gres 148500 ko 
45.0 160600 18.3 S72 254800 18.3 
40.0 355600 18.3 35.0 159300 ie 
40.0 9705800 15.3 35.0 10243000+ 18.3 
6/5 10500000+ 18.3 253600 
35.0 13785100+ 18.3 


10535800+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 2324 [Ref. 13:p. 24,28] 


Constant-Amplitude Data for Unnotched 7075-T6 


[__R____] Mean Stress] Kt] Notch Type | Thick. (in) | Width (in) _ 
See Below | SeeBelow | 1| None | 009] 1 ~~ 
(Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 


Test ratio (R) = - 0.80 Test ratio (R) = - 1.00 
| Smax(KSI) | ON | Smax(KSI) | ON 


15300 13000 
58100 55400 
154700 66800 
776300 110600 
73000 

130200 

263000 

478000 

3137000 

1205000 

9497600 

10400000+ 

10133000+ 


























Mean stress = 20.625 ksi 


9418800+ 


42.00 -0.75 471/00 
43.25 -2.00 1669500+ 
43.25 -2.00 105400 
45.00 -3.75 66600 
45.00 =3.10 54700 
45.00 -3.75 77400 
97.50 -16.25 34900 
Sou) -16.25 23200 
57.50 -16.25 38000 
65.00 -23.75 19300 
65.00 -23./5 16800 






0G 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3866 [Ref. 14:p. 14] 


Constant-Amplitude Data for Unnotched 7075-T6 


[__R___ | Mean Stress] Kt | Notch Type | Thick. (in) | Width (in)_ 
pete nO) alanine | NO ee ee 
"Load Dir. | Load Shape | Freq. (Hz) _| Specimen | Finish 






/Smax(KSI){ ON Freq. (Hz) | Smax(KSI){ —N___| Freq. (Hz) | 


iS 303000 
18 324000 
46 549000 
50 718000 
107 758000 


143 
228 
320 
1667 


9/3000 
646000 
656000 
660000 


1688 704000 
9182 771500 
8132 1148000 
18000 1992000 
19000 41524000 
2/000 ; 1049000 
33000 1220000 
36000 3137000 
40000 3857000 
64000 8956000 
68000 3/7/0000 
104000 9201 7000+ 
95000 52513000+ 
147000 59795000 
149000 ; 97856000+ 
437000 1842000 
152000 10856000 
248000 85621000+ 
262000 55815000 


295000 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 11:p. 30,31] 






Constant-Amplitude Data for Notched 7075-T6 


[Hole (in) 
[__R___|Wean Stress] _Kt__]| Notch Type] Thick. (in) | NWidth (ny 
[Load Dir. | LoadShape| __Freq.(Hz)______| Specimen | Finish 








66270 
65000 
118340 
126120 
784900 
1251000 
1373500 
1785000 
477340 
205050 
4446000 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 11:p. 32] 





Constant-Amplitude Data for Notched 7075-T6 









[Hole (in) 
| 
[——R___] Mean Stress] Kt] Notch Type | Thick. (in) [NWidth (in) 
[toad Dir. | Load Shape | _ Freq. (Hz) | Specimen | Finish 







14365 
16465 
19000 
21000 
21/10 
126000 
142000 


124000 
151000 
738000 
772000 
1640000 
2145000 
2429000 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


CONVAIR [Ref. 15:p. 16; Ref. 16:p. 56] 


Constant-Amplitude Data for Notched 7075-T6 


[| Mean Stress] Kt _| Notch Type] Thick. (in) | N.Width (in) 
[0 | NA | 24 |CenterHole] 01 | 05 | 
[toad Dir._| Load Shape | Freq. (Hz) | Specimen | Finish | Hole (in) 


| Smax(KS!) | ON | Smax(KSI) | ON | Smax(KS!I) [| ON 


60000 
66000 
86000 
94000 
129000 






216000 

222000 

946000 
10121000 
17619000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 2389 [Ref. 17:p. 17,19] 


Constant-Amplitude Data for Notched 7075-T6 


[__R] Mean Stress] Kt [ Notch Type] Thick. (in) [N.Width (in) 
WA | See Below | 2 | SeeBelow[ 0.09 | 15 
[Lead Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 


Mean stress = 0 = -1 


SS era notch i in. dia.) Edge-cut a Fillet-type eT 






412400 


1028000 
115000 


213000 4541800 
347500 
1564300 

10853500+ 


Viean stress = 10 ksi 
Hole- a notch a in. dia.) Edge-cut notch Fillet-type notch 


2600 
2/00 ; 7000 13500 
3100 ; 18500 : 20500 
6800 , 46200 ; 29900 
13000 242000 , 189600 
22500 2678600 2998000 
60700 : 10581900+ , 10336900+ 
227700 : 12653200+ 

12710400+ 

10547800+ 





68 


APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 2389 [Ref. 17:p. 18,20] 


Constant-Amplitude Data for Notched 7075-T6 


[__R__|Wean Stress] Kt Notch Type] Thick. (in) _[N.Wiath (in) 
Twa See teow | 2 | seosaion [008 [18 
[toad Dir | Load Shape| Freq. (Hz) | Specimen | Finish 


Mean stress = 20 ksi 


Hole-type notch (3 in. dia.) Edge-cut notch Fillet-type notch 
|Smax(KSI)}| ON | Smax(KSI) | ON | Smax(KSI) | oN 








2200 
3000 
9400 
9300 
12000 
29500 
46000 


2100 
3200 
5000 
11500 
13400 
28000 
76800 


9400 
9000 
17500 
18500 
33500 
93000 
105000 


165600 621900 10249900+ 
536100 : 10781700+ 
11250000+ 


Mean stress = 30 ksi 
ee notch (3 in. dia.) Edge-cut notch Fillet-type notch 
| UN Smax(KSI) | ON | Smax(KSI) {| ON 


1800 
2400 
2200 
9200 
7900 
12000 
24800 


2800 
2300 
4100 
8300 
12500 
24000 
35000 


4800 

8000 

8700 
11500 
27000 
36000 
89000 


42800 81000 9978500+ 
198200 10062700+ 
527300 10363600+ 

10112300+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 2389 [Ref. 17:p. 21] 


Constant-Amplitude Data for Notched 7075-T6 


[__R___] Mean Stress] Kt | Notch Type] Thick, (in) [N.Width (in) 
WA] See Below | 4 | See Below 009 | 15 
[Lead Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 


or cut notch Fillet-type notch 
PN | Smax(KSI) | ON 



















































9300 22.50 8200 
16.25 17800 20.00 17000 
12.50 70000 40:29 63500 
Peo 339200 12.50 182000 
8.50 969200 10.00 4400000 
1208 1652300 7.50 10244500+ 
foe 4722000 
5-00 12405300+ 


10247800+ 





Mean stress = 10 ksi 
Edge-cut notch Fillet-type notch 
|Smax(KSI){| ON] Smax(KSI) | ON 


2000 








30.0 4000 


220 8000 Bia 10000 
Ze.0 13000 25.0 14500 
20.0 41000 22.5 45800 
20.0 39000 Ze. 39500 
20.0 32000 20.0 140000 
17.5 48500 20.0 82500 
1326 9610300 eS 1676000 


12281600+ os 10000000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 2389 [Ref. 17:p. 22] 


Constant-Amplitude Data for Notched 7075-T6 


[—R__| Mean Stress| __Kt__| Notch Type] Thick. (in) [N, Width (ny 
[WA | See Below | 4 | See Below] 0.09 [| 15 
[Load Dir__| Load Shape | Freq. (Hz) | Specimen | Finish 


Mean stress = 20 ksi 
Edge-cut notch Fillet-type notch 
|Smax(KSI)| ON | Smax(KSI) | ON 
































39.0 4000 
32.9 9800 
30.0 18700 
27.5 31000 
25.0 467000 


9475000+ 
566500 
10457000+ 






Mean stress = 30 ksi 
Edge-cut notch Fillet-type notch 
/Smax(KSI)} ON | Smax(KSI) [ON 


4000 3500 
















40.0 10000 42.5 6300 

40.0 7800 40.0 12300 
Seo 15000 S720 22000 
35.0 32700 SoU 119000 


10744000+ 10000000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 2390 [Ref. 18:p. 8] 


Constant-Amplitude Data for Notched 7075-T6 


[__R___] Mean Stress] Kt | Notch Type] Thick. (in) [N.Width (in) 
WA] SeeBelow | 5 | Edge | 0.09 | 15 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish _ 


Mean stress = 0 (R=-1) Mean stress = 10 ksi 
|Smax(KSI)| ON | Smax(KSI) | ON 


2000 700 
3000 1700 
3000 3000 
4400 4700 
6100 8000 


15700 8500 
36000 20000 
83000 18000 
273000 
500000 
2//000 
1471400 
2955900 
3500000 
7618000 
10147000+ 








74000 
288000 
2435000 
10126000+ 


Mean stress = 20 ksi Mean stress = 30 ksi 
|Smax(KSI){ —==N__—s| Smax(KSi) | Ns 


900 
2000 
3400 
7500 
11000 
38500 
75000 
773000 
17000000+ 
10000000+ 


47.50 
45.00 
42.50 
40.00 
37-00 
30,00 
33.795 
ron 
32.50 


900 
1500 
2700 
5000 
12000 
33500 
92500 


10949000+ 
10516000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 2639 [Ref. 19:p. 8,9] 


Constant-Amplitude Data for Notched 7075-T6 


[__R___| Mean Stress] Kt | Notch Type] Thick. (in) [N.Width (in) 
-_NA__| See Below | 15 | Edge | 009 | 15 
[Load Dir. | Load Shape | Freq, (Hz) | Specimen | Finish | 


Mean stress = 20 ksi 






19000 
26000 
33000 
53000 
65000 
299000 
217000 
241000 
122000 9552000 
95000 8775000 
374000 14052000+ 
235000 
1725000 | Smax(KSI) | ON 
2965000 9500 
530000 11000 
8796000 16500 
2617000 19000 
4762000 36000 
5036900 , 25000 
16123000 7 54000 
6347000 , 38000 
14470000+ | 95000 
, 108000 
/Smax(KSI)| ON 57000 


23000 207000 
30000 , 302000 
76000 309000 


101000 96000 


472000 355800 
791000 , 3525000 


4125000 6800000 
3660000 , 10322000+ 
10600000+ 10630000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3132 [Ref. 20:p. 8] 


Constant-Amplitude Data for Notched 7075-T6 


[__R_ | Mean Stress] Kt] Notch Type | Thick. (in) [NoWidth (in) 
A = 
Load Shape | Freq. (Hz) | Specimen | Finish] 

Sawtooth Not Polished 


| Smax(KS!) | ON | Freq. (Hz) {| Smax (KSI) | ON Freq. (Hz) | 


365 
2228 
2301 
1588 
5261 
5300 
17800 
30000 
70000 
274000 
339200 
969200 
10232000 
1652300 
4722000 
12405300+ 
10247800+ 











74 


APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3631 [Ref. 21:p. 15] 


Constant-Amplitude Data for Notched 7075-T6 


[__R___|MeanStress| Kt [Notch Type] Thick. (im) | Width (in) _ 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish | Hole (in) _ 


Width = 4 in. ; Dia. = 1/8 in. ; Kt = 2.9 























1475000 
























30.0 19000 25.0 9000 10.0 541000 
25.0 39000 20.0 41000 10.0 4325000* 
25.0 68000 20.0 67000 10.0 6244000 
20.0 81000 18.0 81000 10.0 6725000* 
20.0 107000 15.0 91000 10.0 8668000 
18.0 136000 15.0 96000 220 22947000 
18.0 300000 13.0 221000 9.0 35834000* 
1768 1783000 13.0 719000 a0 572/9000+ 
16.5 2404000 1054000 

16.0 33008000* 

16.0 33943000* 

16.0 51448000+ 


67386000+ 





Width = 4 in. ; Dia. = 1/4 in. ; At = 2.8 



















17000 8000 





























30.0 27000 25.0 9000 
25.0 41000 20.6 24000 
25.0 55000 20.0 28000 
20.0 168000 1520 84000 
20.0 228000 15.0 125000 
18.0 15458000 12.0 314000 
18.0 16786000 12.0 2769000 
veo 311000 10.0 6719000 
17.0 6704000 10.0 11235000 
17.0 6986000* 9.0 8614000 
126 13042000* on0 20248000* 
17.0 19321000* 26620000 
17.0 22207/000* 


35536000 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3631 [Ref. 21:p. 16] 


Constant-Amplitude Data for Notched 7075-T6 
[_R___|MeanStress| Kt [Notch Type] Thick, (in) | Width (in) | 
|__Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish [Hole (in) _| 


Width = 4 in. ; Dia. = 2 in. ; Kt = 2.2 


| SRE eee 
Smax(KSI)| ON | Smax(KSI) | ON 


14000 18000 
16000 21000 
25000 - 38000 
64000 42000 
40000 68000 
82000 338000 
117000 992000 
140000 2929000 
692000 22552000 
4605000 332000 
11791000 710000 
51880000+ 100325000+ 
107947000+ 






Width = 2 in. ; Dia. = 1/16 in. ; Kt = 2.9 


15000 


43000 
32000 
3/7000 
66000 


18000 
43000 
93000 
153000 


124000 177000 
107000 250000 
257000 398000 
2457000* 392000 
Tos200e 3644000 
1677000 , 8626000 
22111000 19460000 
30650000* 15738000 
43894000 96618000 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3631 [Ref. 21:p. 17] 


Constant-Amplitude Data for Notched 7075-T6 
[_R___|MeanStress] Kt [Notch Type] Thick, (in) | Width (in) | 
|_ Load Dir. | Load Shape | Freq.(Hz) | Specimen | Finish __| Hole (in) | 


Width = 2 in. ; Dia. = 1/8 in. ; Kt = 2.8 







175000 
12000 242000 13000 
17000 293000 40000 
46000 526000 62000 
30000 17583000 85000 
68000 27633000* 97000 
164000 30304000+ 1052000 
283000 32620000* 243000 
381000 
975000 
368000 
10482000 
9109000 
45207000 


Width = 2 in. ; Dia. = 1 in. ; Kt = 2.2 


138000 
13000 411000 15000 
16000 434000 : 33000 
26000 13374000 ; 39000 
26000. 28164000 72000 
68000 54277000+ 154000 
70000 90287000+ ; 212000 
63000 75512000+ 2764000 
287000 80746000+ : 2879000 
9251000 10162000 
14077000 
12309000 
27850000 
78111000 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3631 [Ref. 21:p. 18] 


Constant-Amplitude Data for Notched 7075-T6 

| _R__|MeanStress}_———Kt__| Notch Type] Thick. (in) |_Width (in) _ 

Center Hole| 0.091 
__Finish {Hole (in) _| 


Load Shape | __Freq. (Hz)_| Specimen | 
Sawtooth Polished 


Width = 1/2 in. ; Dia. = 1/32 in. ; Kt = 2.8 


12000 
21000 
51000 
182000 
239000 
262000 
543000 
2013000 
2906000* 
3543000* 
26767000 
36235000 
51922000 
59056000+ 


26000 
85000 
95000 
61000 
254000 
2699000 
5792000 
152000 
8588000 
29000000 
145000 
22/000 
59879000+ 
23393000 
54531000+ 


Width = 1/2 in. ; Dia. = 1/8 in. ; Kt = 2.4 


25000 
70000 
90000 
352000 
1195000 
1001000 
2727000 
9298000 
53314000 
8806000 
64530000 


26000 
38000 
83000 
144000 
9095000 
18344000 
1855000 
2381000 
25969000 
45156000 
94478000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3631 [Ref. 21:p. 19] 


Constant-Amplitude Data for Notched 7075-T6 


[—_R___| Mean Stress] Kt Notch Type] Thick. (in) | Width (in) _ 
[Load Dir. | Load Shape | Freq, (Hz) | Specimen | Finish | Hole (in) _ 


Width = 1/2 in. ; Dia. = 1/4 in. ; Kt = 2.2 






33000 ~ 11000 

~ §7000 ~~ 28000 
233000 54000 
1731000 84000 


19810000 176000 
2016000 231000 
5210000 3585000 
26620000 3437000 
59714000 90106000 
19417000 
94651000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3866 [Ref. 14:p. 15] 


Constant-Amplitude Data for Notched 7075-T6 


[__R___|Mean Stress] Kt __|Notch Type] Thick. (in) [N.Width (in) 
i a aL 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish _ 


/Smax(KS!)| ON Freq. (Hz) | Finish __| 












114 
117 
140 
258 
302 
330 
341 
1124 
1313 
1454 
1488 
3170 
4000 
5400 
5500 
6196 
7000 
7000 
11400 
12000 
19000 
23700 
32000 
31000 
89000 
213000 
347500 
579000 
1564300 
10855000+ 


Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Polished 
Polished 
Polished 
Unpolished 
Unpolished 
Unpolished 
Polished 
Polished 
Polished 
Polished 
Unpolished 
Unpolished 
Polished 
Polished 
Polished 
Polished 
Polished 
Polished 





APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3866 [Ref. 14:p. 15] 


Constant-Amplitude Data for Notched 7075-T6 


[__R___| Mean Stress| Kt [Notch Type] Thick. (in) [N.Width (in) 
WA | _20ksi__| 2 | Edge | 009 | 15 | 
[Load Dir._| Load Shape | Freq. (Hz) | Specimen | Finish 






Unpolished 

Unpolished 

Unpolished 

Unpolished 

Unpolished 

Unpolished 

Unpolished 

120 Unpolished 
392 ; Unpolished 
399 Unpolished 
482 Unpolished 
1763 Unpolished 

2100 Polished 

3200 Polished 
4791 Unpolished 
5000 Polished 
6134 Unpolished 
11500 Polished 
13000 Unpolished 
13400 Polished 
28000 Polished 
76800 Polished 
621900 Polished 
4862000 Unpolished 
10546000 Unpolished 
284000+ Polished 
10781700+ Polished 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3866 [Ref. 14:p. 16] 


Constant-Amplitude Data for Notched 7075-T6 


[RT Mean Stress [kt [Noten Type] Thick: Gn) via Cn 
AS A = 
[Load Dir, _| Load Shape | Freq. (Hz) | Specimen| Finish 







Smax (KS!) | ON 


50 
S1 
85 
115 
329 
365 
2622 
2228 
1588 
5261 
9300 
17800 
30000 
70000 
274000 
339200 
969200 
10232000 
1652300 
4722000 
12405300+ 
10247800+ 


0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.23 


unknown 


0.02 
0.28 


unknown 


0.32 
0.38 


unknown 


0.73 
0.47 
0733 
0.80 
18.33 
18.33 
30.00 
1833 
30.00 
iioeos 
18.33 
30.00 
18.33 
18.33 
18.33 
18.33 


Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished | 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Unpolished 
Polished 
Polished 
Unpolished 
Polished 
Unpolished 
Polished 
Polished 
Unpolished 
Polished 
Polished 
Polished 
Polished 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NACA TN 3866 [Ref. 14:p. 16] 


Constant-Amplitude Data for Notched 7075-16 


[——R__] Mean Stress] Kt Notch Type] Thick. (in) [N.Width (in) 
WA | _20ksi_|4~~~~*«Y~Cedge =P S| 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish _ 


Smax(KS!) | Ns | “Freq. (Hz) | Finish _| 


0.02 Unpolished 

unknown Unpolished 

0.02 Unpolished 

0.02 -Unpolished 

0.02 Unpolished 

0.02 Unpolished 

0.02 Unpolished 

C02 Unpolished 

0.02 Unpolished 

0.02 Unpolished 

Ors2 Unpolished 

0:20 Unpolished 

0.40 Unpolished 

0.38 Unpolished 

0.50 Unpolished 

0.50 Unpolished 
2500 18.3 Polished 

3804 0.82 Unpolished 
5500 18.3 Polished 

2639 0.47 Unpolished 

9000 30.0 Unpolished 

10000 2070 Unpolished 
10500 H3.3 Polished 
10700 Ho. 3 Polished 

11000 30.0 Unpolished 
16800 “[tege! Polished 
46500 18.3 Polished 

85000 30.0 Unpolished 

140000 30.0 Unpolished 

179000 30.0 Unpolished 
566500 lees Polished 
10457000+ 18.3 Polished 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NASA TN D-111 [Ref. 22:p. 10] 


Constant-Amplitude Data for Notched 7075-T6 


[__R___] Mean Stress] Kt] Notch Type _] Thick. (in) [N.Wrath (in) 
WA] SeeBelow | 4+ ~Edge =~ 
[Load Dir,_| Load Shape | Freq. (Hz) | Specimen | Finish 


Notch Radius = 0.004 in. Notch Radius = 0.070 in. 
|Smax(KSI)[|__N | Smax(KSI) | oN 






























11000 6000 


































26.0 31500 26000 
22.0 95000 12.5 75500 
17.9 21/000 10.0 257000 
14.0 353000 10.0 307000 
13.0 482000 8.5 275000 
10.0 3375000 8.0 1920000 
9.0 5045000 8.0 2690000 
8.7 11299000+ 10 59290000 
14874000+ 7.0 15715000+ 
G2 11878000+ 
16758000+ 


Mean stress = 20 ksi Mean stress = 20 ksi 
/Smax(KSI)|—===N [| Smax(KSI) | Nf 



















40.0 6300 5000 
36.0 16000 31.25 9700 
32.0 26000 Zi.3 23000 
28.5 39500 26.0 35000 
26.75 149000 23./5 438000 
29.0 2441000 23.129 1540000 
23.0 14390000+ 23.0 10506000+ 





16490000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


NASA TN D-212 [Ref. 23:p. 19] 


Constant-Amplitude Data for Notched 7075-T6 


[__R__ | Mean Stress] Kt] Notch Type] Thick, (in) [N.Width (np 
NA] SeeBelow | 4+ ~~Edge ~~~ S| 
[Lead Dir. | Load Shape| Freq. (Hz) | Specimen | Finish] 


Mean stress = 10 ksi Mean stress = 20 ksi 






40 113 363 
36 oe 309 
136 84 13000 
130 440 10800 
SA 374 9000 
863 453 674000 
654 955 335000 
6000 6823 120000 


6000 
35000 
30000 


18000 


149000 


57820 
62996 
29000 
22520 
1106000 


112000 
92000 
81000 
75000 
63000 


130000 162000 42000 
95000 52000 9648000 
1292000 45000 5875000 
673000 42000 176000 
932000 2241000 44606000 
456000 2102000 18575000 
310000 1093000 8355000 
3874000 24204000 
3309000 13877000 
2290000 8247000 

10000000+ 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 270] 


Constant-Amplitude Data for Notched 7075-T6 


RR __| Mean Stress] Kt Notch Type] Thick. (in) | Width (in), 
[Load Dir, | Load Shape | Freq. (Hz) | Specimen | Finish] Hole (n) 


Mean stress = - 10 ksi Mean stress = - 5 ksi Mean stress = 10 ksi 








640 
1425 
2044 
9055 
2144 
6200 
7500 
(SI 
11860 
10800 
37800 
39600 
43200 
108000 
100800 
135000 
203400 
302400 
385200 
484200 
925600 


1081 
1384 
1642 
2760 
3300 
3954 
3960 
6315 
Sold 
10800 
12600 
23400 
2/000 
41400 
7200 
36000 
79600 
2/0000 
295560 
374400 
922000 


1509 
1886 
2476 
2621 
2762 
3130 
4641 
6264 
8091 
9000 
10800 
10800 
16200 
19800 
2/000 
27540 
49680 
92800 
95800 
196560 
198000 


698400 1644500 198540 
1674000 10000000+ 201600 
2/19600 10000000+ 239400 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 270] 


Constant-Amplitude Data for Notched 7075-T6 


[___R__| Mean Stress] Kt | Notch Type] Thick. (in) | Width (in) 
[_NA___| See Below | SeeBelow | Holes) | 0.04] 3 | 
[Load Dir, | Load Shape | Freq. (Hz) | Specimen | Finish 


Mean stress = 15 ksi Mean stress = - 10 ksi Mean stress = - 5 ksi 
Stress (KSI)[__==N _|{ Stress(KSI)| =N _|Stress(KSI)}| N | 












660 
S15 
965 
1072 
1101 
B2/2 
3904 
4269 
4998 
5200 
7995 
8/22 
10655 
10707 
141295 
23400 
32400 
34200 
43600 
84600 
176400 
180000 
232200 
246600 
460800 


ZS 
1519 
1897 
2424 
2843 
1290 
2445 
Sarg 
3600 
31a 
12600 
12600 
14400 
16200 
16200 
13860 
14400 
16920 
94600 
79740 
37440 
91800 
117000 
124200 
3/00000 
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500 
610 
806 
812 
873 
1245 
1650 
1886 
2274 
2460 
3600 
5400 
6650 
6800 
7050 
27600 
63000 
82800 
86400 
93600 
163000 
189000 
1306800 
1998000 
3601000 





APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 271] 


Constant-Amplitude Data for Notched 7075-T6 


[——R___] Mean Stress| Kt | Notch Type] Thick. (in)_| Width (in), 
[Load Dir._| Load Shape | Freq. (Hz)_| Specimen | Finish 


Mean stress = 0 ksi Mean stress = 10 ksi Mean stress = 15 ksi 







342 
393 
455 
937 
670 
741 
914 
975 
1016 
3600 
4283 
4488 
6480 
1200 
26280 
28800 
29700 
36180 
37800 


2098500 
3979800 
5440000 
6378000 
8109720 


290 
260 
324 
350 
521 
Soi 
640 
820 
1001 
1860 
2500 
2900 
5946 
6150 
9000 
9600 
10500 
12600 
2/000 
61200 
63000 
64800 
92800 
872000 
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io 
180 
212 
315 
491 
540 
890 
1030 
1203 
1471 
PoZo 
2600 
3053 
3170 
6300 
6450 
7200 
7950 
15040 
90000 
174600 
370800 
406800 


2196000 





APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 271] 


Constant-Amplitude Data for Notched 7075-T6 


[__R___| Mean Stress] __Kt | Notch Type] Thick. (in) | Width (in) 
[Load Dir,_| Load Shape | Freq. (Hz) | Specimen | Finish _ 


Mean stress = - 10 ksi Mean stress = - 5 ksi Mean stress = 0 ksi 
Stress (KSI)i == N__—i| Stress(KSI)|_ =N _—s| Stress(KSI){_ oN 


343 36 142 
450 179 ZS 
516 140 224 
Soo 172 277 
664 183 360 
474 igs 386 
143 228 413 
1006 247 Se: 
1200 293 636 
1883 296 884 
9540 485 1200 
12600 672 1800 
14400 148 2310 
41400 193 3150 
52200 813 4633 
14580 6150 : 14400 
40140 6300 16740 
102780 1872 19800 
147600 8100 32400 
148500 8620 : 34200 
185000 178200 91400 
248000 847800 101500 
390400 911700 102600 
651600 1000000 111900 
691700 10000000+ 941600 
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APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 272] 


Constant-Amplitude Data for Notched 7075-T6 


[——R__[ Mean Stress] Kt Notch Type] Thick. (in) | Width (n)_ 
WA _[ See Below | SeeBelow | Holes | 004 | 3 | 
[Load Dir, | Load Shape | Freq. (Hz) | Specimen | Finish _ 


Kt = 10 
Mean stress = 10 ksi Mean stress = 15 ksi Mean stress = - 10 ksi 
Stress(KS!)|__=N__| Stress(KSI)|_ ===N _—[{ Stress(KSI){  =N | 






100 
130 
240 
250 
350 
383 
425 
440 
668 
708 
1500 
2450 
3600 
4189 
4950 
12600 
12600 
14400 
17460 
25200 
88200 
88200 
129600 
691000 
1296000 


PMONMOHONYON AAA an 


90 
160 
180 
190 
230 
360 
430 
460 
480 
1033 
900 
900 
1510 
1880 
2040 
10800 
12600 
12960 
14250 
17280 
84600 
84600 
185400 
342000 


10000000+ 
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147 
263 
336 
415 
901 
360 
478 
975 
685 
3387 
1660 
2215 
3215 
4500 
9011 
28800 
45000 
66600 
72000 
73800 
185400 
352800 
658800 


1420200 - 


3216600 





APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 272] 


Constant-Amplitude Data for Notched 7075-T6 


[—_R___| Mean Stress] Kt | Notch Type] Thick. (in) | Width Gn), 
"Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish _ 


Mean stress = - 5 ksi Mean stress = 10 ksi Mean stress = 15 ksi 






450 
962 
793 
1855 
780 
1031 
1231 
2331 
3300 
916 
3600 
4438 
7200 
22545 
28800 
36000 
36000 
43200 
88200 
48600 
55800 
144000 
824760 
888480 


168 
177 
tag 
200 
493 
128 
766 
194 
1021 
er 2 
1391 
1462 
1501 
1766 
2880 
6176 
6343 
6999 
7258 
29200 
36000 
73440 
82620 


576000 


a 


184 
19 
ZOZ 
242 
450 
605 
655 
761 
861 
4331 
4500 
4924 
5400 
6300 
25200 
28800 
30600 
97600 
64800 
340200 
648000 
4104900 
4696200 
10000000+ 





APPENDIX A. CONSTANT AMPLITUDE, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 273] 


Constant-Amplitude Data for Notched 7075-T6 


[_—R___ | Mean Stress] Kt | Notch Type] Thick. (in) | Width (in) | 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 


Mean stress = 1.125 ksi Mean stress = 4.5 ksi Mean stress = 7 ksi 


























. 10000000+ 
4.225 10000000+ 
15000000+ 















Mean stress = 2.4 ksi Mean stress = 1.125 ksi Mean stress = 4.5 ksi 


144000 

148000 

364000 
10000000+ 
10000000+ 
10000000+ 


Mean stress = 7 ksi MViean stress = 2.6 ksi 
[Stress (KSI)|_ =N _—«| Stress(KSI)| oN 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 355] 
Spectral Data for Notched 7075-T6 


LOW PEAK ORDERED GUST LOADING HISTORIES 


[__R____|Mean Stress] Kt | Notch Type] Thick. (in) | Width (in). 
[Lead Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


1393865 457862 2103148 2045688 1029604 
31805 10202 48008 46808 23404 






588 189 888 866 433 
5 2 8 8 4. 


Blocks 53.61 17.61 80.89 78.68 39.60 
Note each column contains a different specimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 356] 


Spectral Data for Notched 7075-T6 







LOW PEAK ORDERED GUST LOADING HISTORIES 


[| Mean Stress] Kt __| Notch Type] Thick. (in) | Width (in). 


Load Shape | Freq. (Hz) | Specimen | Finish 






Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


4918201 
2868201 
1474201 
654201 
2257011 
72901 
21466 
8101 
3241 
1378 
568 
203 

81 

20 


3177840 
1852840 
951840 
421840 
143590 
46800 
13780 
5200 
2080 
884 
364 
130 

2 

13 


4189201 
2439201 
1249201 
952001 
189751 
62101 
18285 
6901 
2761 
1174 
484 
173 

69 

17 


3777001 
2202001 
1131001 
501001 
170501 
55801 
16431 
6201 
2481 
1055 
435 
156 

63 

16 


5070000 
2945000 ~ 
1512000 ' 
672000 
231000 
75600 
22260 
8400 
3360 
1428 

588 

210 

84 

21 





81.97 52.96 69.82 62.95 


84.50 
Note each column contains a different specimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 
LOCKHEED [Ref. 24:p. 357] 
Spectral Data for Notched 7075-T6 


LOW PEAK ORDERED GUST LOADING HISTORIES 


| —R___— | MeanStress[ Kt | Notch Type| Thick. (in) | Width (in) | 
Load Shape | Freq. (Hz) | Specimen | 


|__ Finish | 






Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


4552819 
2652819 
1360819 
600819 
203519 
66619 
19629 
7419 
Zorg 
1277 
537 
204 
96 
i 


5385622 
3135622 
1605622 
105622 
242022 
foezZ 
23342 
8822 
3542 
1518 
638 
242 
66 
Ze 


48.88 


9390422 
3140422 
1610422 
710422 
242022 
oa2 
23342 
8822 
3542 
1518 
638 
242 
66 
ae 


44.92 
(Note each column contains a different specimen 


10056042 
5856042 
3000042 
1328042 
456542 
149442 
44032 
16642 
6682 
2864 
1204 
457 
129 
42 


83.80 


5874024 
3424024 
1758024 
178024 
264024 
86424 
25464 
9624 
3864 
1656 
696 
264 
f2 
29 





48.95 


APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 358] 
Spectral Data for Notched 7075-T6 


LOW PEAK RANDOM GUST LOADING HISTORIES 
[—_R__|Mean Stress] Kt __| Notch Type] Thick. (in) [Width (in) 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish _ 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 












292300 
143700 
65900 
23480 
6437 
1552 
411.8 
234.4 
148.5 
90.9 
60.0 
41.8 
16.1 
10.6 
3.9 
3-0 


169650 
97050 
44800 
15980 

4440 

1079.5 
286.0 
163.6 
103.5 

62.7 
40.8 
28.4 
it. 3 
7.3 
1.1 
5-0 


239250 
136500 
62700 
22360 
619/ 
1488 
397.3 
221.2 
144.1 
88.3 
08.4 
40.8 
16.1 
10.6 
3.9 
3.6 
1.4 
1.0 
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200100 


114100. 


52450 
18630 
9142 
1246 
625.3 
187.6 
118.9 
12.3 
47.5 
33.3 
13.6 
9.0 
2.6 
Zc 
las 
1.0 


326250 
185900 
85500 
30460 
8349 
2018.5 
538.6 
306.2 
193.7 
119.2 
17.4 
93./ 
o.7 


Note each column contains a different specimen 


213150 


.121600 


56000 
19940 
5507 
1338 
354.3 
202.0 
12 
UES 
50.6 
3508 
13.6 





APPENDIX B. SPECTRAL, AXIAL FATIGUE 
LOCKHEED [Ref. 24:p. 359] 
Spectral Data for Notched 7075-T6 


LOW PEAK ORDERED GUST LOADING HISTORIES 







[—_Kt____] Notch Type] Thick. (in) | Wiath (in), 


Load Shape | Freq. (Hz) | Specimen | Finish 






Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


211141 
104421 


289080 
145280 


305371 
153731 


253531 
127121 


228242 
113502 


99201 ~ 76800 80971 
29301 35200 36771 
8971 12480 12871 


Zoos 4160 4291 3641 3202 
921 1280 1321 A 1002 
300 416 430 365 327 
139 she ad 169 2 
08 80 83 71 64 
23 32 33 29 26 
if g 10 g 8 
Z 3 3 3 3 


23.46 30140 33.93 D347 25.36 


Note each column contains a different Specimen 


67201 60002 
30801 27502 
10921 ay oz 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 360,361] 
Spectral Data for Notched 7075-T6 


HIGH PEAK RANDOM GUST LOADING HISTORIES 
[__R___|Mean Stress] Kt | Notch Type] Thick. (in) | Width (in) 
[WA] _teksi_| 4 | Hoes | 004 | 3 
[Load Dir._| Load Shape| Freq. (Hz) _| Specimen | Finish 












Varying 


Stress (psi) 


652500 
467800 
323760 


207550) . 


117200 
61880 
28660 
12030 
5100 
2250 
1145 
564-3 
311.4 
1737 
108.4 
397 
28.8 
Zio 
9.2 
4.9 
Sat 
3.4 
dk2 
1.0 


395850 
283800 
196350 
122850 
71020 
3/7520 
17345 
7285 
3082 
1364 
697 
346.2 
190.2 
109.5 
6577 
22.9 
16.6 
1534 
6.2 
3.0 
ee 
2.0 


Note each column contains a different specimen 


456750 
327500 
226600 
141750 
82020 
43300 
20075 
8445 
3582 
1583 
805 
400 
219.6 
126.4 
76.0 
Zig 
1976 
18.7 
6.2 
3.0 
2.2 
2.0 
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334950 
240300 
166250 
104050 
60220 
31800 
14710 
6180 
2615 
11S75 
990.0 
292.6 
160.2 
J1-9 
94.8 
16-7 
13.6 
1226 
4.6 
1. 
Al 
1.0 





239250 
171700 
118700 
74250. 
42960 
22720 
10585 
4455 
1893 
633.0 
424.0 
210.2 
1 o.f 
S71 
40.6 
ale. 1 
peo 
10.4 
3.6 
eS 
ea 
1.0 


326250 
234100 
161950 
101350 
58670 
30970 
14335 
6025 
2950 
eo 
575 
285.6 
156.6 
90.0 
93.8 
18.7 
13.6 
12.8 
4.6 
eS 
a 
1.0 


Cumulative Frequency of Load Cycle Occurrences 


247950 
177900 
123000 
76950 
44510 
23000 
10960 
4610 
1958 
862 
439 
2 \ife2 
11983 
69.0 
41.6 
oem 
11.0 
10.4 
3.6 
IES 
den 
120 





APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 362] 
Spectral Data for Notched 7075-T6 


HIGH PEAK ORDERED GUST LOADING HISTORIES 
[__R_|Mean Stress] __Kt__| Notch Type| Thick. (in) | Width (in), 
[Load Dir, | Load Shape | Freq. (Hz) | Specimen | Finish 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


304232 144578 152718 188145 
28000 13126 14001 17500 
1056 496 529 ~ 660 
96 46 49 60 
3 2 2 2 


Blocks 32.89 15.63 16.51 20.34 
Note each column contains a different specimen 












Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


305713 207478 497650 353350 
28875 19250 46375 33250 
1089 126 1749 1254 
99 66 159 114 
3 2 3 4 


Blocks 33.05 22.43 53.80 38.20 
Note each column contains a different specimen 





og 


APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 363] 
Spectral Data for Notched 7075-T6 


HIGH PEAK ORDERED GUST LOADING HISTORIES 
[_R__|Mean Stress] Kt ___[ Notch Type] Thick. (in) | Width (in). 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish _ 






Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


414882 
284882 
193882 
108082 
39982 
30082 
15002 
6002 
2077, 


470401 
320401 
217501 
121801 
68151 
34801 
17401 
6961 
3046 


813600 
558600 
380100 
211800 
117500 
60000 
30000 
12000 
2206 


441281 
301281 
203281 
113401 
63451 
32400 
16201 
6481 
2836 


928161 
638001 
435001 
243601 
136301 
69601 
34801 
13921 
6091 


2 7 1306 2200 1216 
5o2 bod 1100 
302 349 600 325 697 
177 204 350 190 407 
102 7 200 109 237 
a2 99 100 oS ile? 
2/ 30 50 28 og 
14 15 29 14 30 
6 6 10 6 12 
3 3 2 3 6 


25.93 29.40 50.85 27.58 58.01 


(Note each column contains a different specimen 


2611 
3995 W207, 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 364] 
Spectral Data for Notched 7075-T6 


HIGH PEAK ORDERED GUST LOADING HISTORIES 


[Mean Stress] __Kt___[ Notch Type] Thick. (in) | Width (in) 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 







Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


319040 
219040 
149040 
83040 
46040 
23040 
11040 
4320 
1890 
810 
396 
216 
126 
12 
36 
18 


288960 
198000 
135000 
75600 
42300 
21600 
10800 
4320 
1890 
810 
396 
216 
126 


288000 
198000 
135000 
75600 
42300 
21600 
10800 
4320 
1890 
810 
396 
216 
126 


9.00 
Note each column contains a different specimen 


224319 
153999 
104999 
58799 
32899 
16799 
8399 
3359 
1469 
629 
307 
167 
97 
52 
a 
13 


1.01 


256961 
176001 
120001 
67201 
3/7601 
19201 
9601 
3841 
1681 
121 
393 
193 





APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 365] 
Spectral Data for Notched 7075-T6 


HIGH PEAK RANDOM GUST LOADING HISTORIES 


[_R___|Mean Stress] _Kt___| Notch Type] Thick. (in) [Width (in 
[Load Dir._| Load Shape | Freq. (Hz) | Specimen | Finish _ 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


95700 39150 

94500 22600 

25100 10600 
9000 3880 
2479 1092 
606 267.5 
159.1 70.8 

88.9 40.5 

20:2 25.8 

33.5 15.8 

ZA 10.3 

14.7 : 7.2 
a0 3.1 
3.3 2.0 
1.0 















Note each column contains a different specimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 366] 
Spectral Data for Notched 7075-16 


HIGH PEAK ORDERED GUST LOADING HISTORIES 


[__R___|Mean Stress] ___Kt____[ Notch Type] Thick. (in) [Width (in) 
[Load Dir,_| Load Shape | Freq. (Hz) | Specimen | Finish _ 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 












23.29 25.19 21.24 16.52 22,293 
Note each column contains a different Ssoecimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 373] 
Spectral Data for Notched 7075-T6 


ORDERED MILITARY MANEUVER LOADING HISTORIES 


LR | Mean Stress] Kt___[ Notch Type] Thick. (in) | Width (in)_ 
_Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish | Min. Stress| 


Incremental 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


12898 
8698 
5878 
3778 
2278 












1258 
586 
238 

82 
Ze 
3 





Blocks 12.00 11.99 9.00 17.99 13.95 
Note each column contains a different specimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 372] 
Spectral Data for Notched 7075-T6 


RANDOM MILITARY MANEUVER LOADING HISTORIES 
OR | Mean Stress] Kt_ | Notch Type | Thick. (in) | Width (in) _ 
_ toad Dir. | Load Shape | Freq. (Hz) | Specimen | Finish | Min. Stress) 


Incremental 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 






28 


4 7 





(Note each column contains a different specimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 374] 


Spectral Data for Notched 7075-T6 

ORDERED MILITARY MANEUVER LOADING HISTORIES 

[__R__|Mean Stress] Kt __| Notch Type] Thick. (in) | Width (in) | 
[Load Dir. | Load Shape] Freq. (Hz) | Specimen | Finish |Min, Stress 


Incremental 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 











Blocks 8.60 17.06 11.99 12.95 
Note each column contains a different specimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 375] 
Spectral Data for Notched 7075-16 


RANDOM GROUND LOADING HISTORIES 


[__R_|Mean Stress] Kt ___ | Notch Type] Thick. (in) [Width Gn)| 
[Load Dir, | Load Shape | Freq. (Hz) _| Specimen | Finish 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 












783000 
452400 
208250 
13600 
20050 
4843 
1287 
415-9 
458.9 
286.2 
187.4 
129.4 
48.8 
32.8 
tee 
10.2 
4.4 
3.4 
lee 


500250 
289000 
133000 
47040 
12846 
3107.5 
827.9 
461.0 
295.6 
184.3 
120.4 
83.0 
Sie 
20.8 
Oa, 
6.2 
Zan 
Zo 


552450 
319300 
146850 
51950 
14168 
3424 
Stee 
907.3 
325.1 
202.6 
133.2 
91.8 
34.6 
Zoo 
Tee 
te 
Za). 
2.0 


107 


578550 
334200 
153800 
54400 
14818 
3583 
953.7 
530.4 
339.4 
211.6 
138.0 
94.8 
34.6 
23.1 
io 
ie 
al, 
2.0 


495900 
286250 
ISioce 
46450 
12656 
3057.5 
813.9 
453.4 
290.1 
180.3 
ARZ-6 
80.9 
29.8 
19.8 
Oi 
6.2 
eel 
Zo 


Note each column contains a different specimen 


448050 
258700 
119050 
42150 
11460 
2770 
13625 
410.9 
262.9 
164.3 
Owe 2 
Sal 
26.6 
17.8 
Sus 
6.2 
Za 
2.0 





APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 376] 


Spectral Data for Notched 7075-T6 







ORDERED GROUND LOADING HISTORIES 





LR | Mean Stress|Kt__—| Notch Type] Thick. (in) | Width (in) 


Load Shape | Freq. (Hz) _| Specimen | Finish 






Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


775438 
396008 
144008 
41408 
5/68 
2168 
692 
296 
87 
22 
ft 


(477157 
380257 
136007 
S107 
9447 
2047 
653 
279 
82 
20 


1010085 
516585 
187585 
33050 
7370 
2770 
884 
378 
at 
28 


1268351 
648851 
235851 
67701 
9291 
3491 
1113 
475 
139 


900009 

459009 

165009 

47159 
6569 
2469 
188 
337 
99 


1309422 
668922 
241192 
69012 
9612 
3612 
SZ 
492 


144 
34 Zo 36 
6 9 11 8 12 





34.78 


46.98 Joc? 


41.86 60.90 
Note each column contains a different specimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 377] 
Spectral Data for Notched 7075-T6 


ORDERED COMPOSITE LOADING HISTORIES 
LOW PEAK GUST LOADINGS IN FLIGHT 







[—_R_|Mean Stress] ___Kt | Notch Type| Thick (in) | Width (in). 
Load Shape | Freq. (Hz) | Specimen 


__ Finish | 






Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


Gust Load 
Mean Stress = 6000 psi 
674501 351000 766987 467505 
388501 202500 442487 269505 600000 
180501 94500 206487 125505 280000 
76501 40500 88487 Se005 12000 
28051 14850 32437 19305 44000 
8161 4320 9427 5600 12800 
2296 Zo 2647 ovo 3600 
919 486 1054 630 1440 
408 216 646 280 640 
205 108 Zoe 140 320 
82 43 93 56 128 
at 16 20 21 48 
10 5 12 ih 16 
Ground Loadings 
Mean Stress = - 3000 psi 


1040000 


35/7001 


204001 
96901 
40801 
fos 
4591 
1276 
511 
205 
103 
92 
7a) 


189000 
108000 
91300 
21600 
8100 
2430 
675 
210 


406232 
232232 
110432 
46632 
i632 
9452 
1682 
812 
464 
116 
08 
23 


245000 
140000 
66500 
28000 
10500 
3150 
875 
350 
140 
10 
a3 
14 


560000 
320000 
152000 
64000 
24000 
7200 
2000 
800 
320 
160 
80 
32 


Ground to Air Cycles 


Mean Stress = 1500 psi 
60486 31249 


68788 411510 94287 
51.54 26.96 58.62 35.59 


79.97 
Note each column contains a different specimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 
LOCKHEED [Ref. 24:p. 378] 
Spectral Data for Notched 7075-T6 


ORDERED COMPOSITE LOADING HISTORIES 
LOW PEAK GUST LOADINGS IN FLIGHT 


LR | Mean Stress|_ Kt | Notch Type] Thick. (in)_| Width (in) _ 
PNA | See Below | 7 Holes ft 0.04 


Load Shape |_ Freq. (Hz) | Specimen | Finish | 
| Axial | Sinusoidal_| Approx.60 | Sheet__| Deburred__ 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


Gust Load 
Mean Stress = 6000 psi 


87180 92445 
49950 33005 


26225 
10165 
S095 
1113 
237 
107 
43 
18 
4 


ooo 
6025 
Zoo 


693 


177 
61 
26 
fh 
2 


Mean Stress = 


43201 
22321 
8641 
2593 
505 

123 
40 
15 

4 


25811 
13341 
9171 
fo59 

312 
14 
24 

= 
Z 


Ground Loadings 


- 3000 psi 

34765 
17945 
6925 
2053 
400 
98 
32 
12 

3 


Ground to Air Cycles 


1488 


72.61 


4472 


Mean Stress = 1500 psi 


5928 


Note each column contains a different specimen 


43.57 
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97.93 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 379] 

Spectral Data for Notched 7075-T6 

ORDERED COMPOSITE LOADING HISTORIES 
HIGH PEAK GUST LOADINGS IN FLIGHT 
[—__R___|MeanStress] Kt | Notch Type] Thick. (in) | Width (in) | 
|_Load Dir. | Load Shape |_ Freq. (Hz) | Specimen | Finish 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences | 


Gust Load 
Mean Stress = 12000 psi 












120914 


86114 
57114 
32776 
17956 
8836 
Boot 
1654 
685 
343 
172 
eZ 
JZ 
Ze 
18 
S 
3 


74142 
92542 
35002 
20127 
11027 
9427 
2452 
1017 
422 
ZZ 
107 
58 
33 
18 
11 
6 
2 


Ground Loadings 


15449 
53849 
35849 
20549 
11187 
5427 
2452 
1017 
422 
Ze 
107 
58 
33 
18 
11 
6 
2 


Mean Stress = - 3000 psi 


59281 
2/361 
10831 
3136 
5/1 
ee 
58 
20 
6 
3 


Ground to Air Cycles 


36401 
16801 
6651 
1926 
351 
106 
36 
13 
4 
2 


36401 
16801 
6651 
1926 
351 
106 
oo 
1S 
4 
Z 


Mean Stress = 4500 psi 


10545 
57.04 


6475 
35.28 


ia 


6475 


60.67 
Note each column contains a different specimen 





APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 380,381] 

Spectral Data for Notched 7075-T6 

ORDERED COMPOSITE LOADING HISTORIES 
HIGH PEAK GUST LOADINGS IN FLIGHT 


[__R__|Mean Stress] ___Kt [Notch Type] Thick. (in) Width (in), 
"Load Dir. | Load Shape | Freq. (Hz) | Specimen | __Finish 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


Gust Load 
Mean Stress = 12000 psi 
179556 ZaA 185 302418 197951 
129556 166785 217418 142951 
79556 11765 132418 87951 






47556 
ZID 00 
13556 
5/02 
Zot 
952 
477 
230 
io 
68 
oa 
20 


10 
4 
2 


60185 
32503 
17503 
7003 
3128 
1253 
623 
303 
178 
90 
a2 
2/ 
14 
6 
& 


79201 
42901 
23131 
9901 
4126 
1651 
826 
Sai 
232 
116 
66 
33 
16 
6 
3 


52751 
28551 
15351 
6551 
2/01 
1051 
526 
Zoo 
148 
14 
42 
21 
10 
4 
2 


Ground Loadings 
Mean Stress = - 3000 psi 
25013 33004 21004 
13763 18154 11554 
4763 6274 3994 
1513 1984 1264 
S13 400 256 
88 119 Te 
28 36 24 
13 16 11 
3 3 2 
Ground to Air Cycles 
Mean Stress = 4500 psi 
2300 3036 1932 


19.85 25.67 33.54 21.89 


Note each column contains a different soecimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 380,381] 

Spectral Data for Notched 7075-T6 

ORDERED COMPOSITE LOADING HISTORIES 
HIGH PEAK GUST LOADINGS IN FLIGHT 


[__R___[Mean Stress] _Kt__| Notch Type] Thick. (in) | Width (in) | 
[Load Dir. | Load Shape | Freq. (Hz) | Specimen | Finish 


Varying 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


Gust Load 
Vean Stress = 12000 psi 
246129 240364 158896 269287 
176129 172864 113896 194287 
108002 ' 107864 68896 119287 











64802 
60102 
13902 
8102 
Soler 
1352 
667 
326 
199 
96 
oo 
28 
14 
6 
3 


64664 
34964 
18764 
7964 
3251 
1301 
551 
313 
183 
92 
23 
27 
14 
6 
3 


40803 
22103 
11903 
5103 
2128 
853 
428 
207 
122 
62 
36 
19 
10 
4 
2 


71287 
38287 
20302 
8/702 
3627 
1452 
727 
350 
205 
103 
3g 
30 
15 
6 
3 


Ground Loadings 


Mean Stress = - 3000 psi 


2/004 26004 17004 
14854 14304 9354 
5134 4944 3234 
1624 1564 1024 


29005 
ogoc 
Jb 
1745 


328 316 208 S56 
98 95 63 106 
30 eo 20 3 
14 14 9 15 
3 : 2 3S 

Ground to Air Cycles 
Mean Stress = 4500 psi 
2392 1564 2668 


27.31 26.63 17.58 29.82 


Note each column contains a different soecimen 
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APPENDIX B. SPECTRAL, AXIAL FATIGUE 


LOCKHEED [Ref. 24:p. 382] 

Spectral Data for Notched 7075-T6 

RANDOM COMPOSITE LOADING HISTORIES 
MILITARY MANEUVER LOADINGS IN FLIGHT 


[_R__|Mean Stress] Kt Notch Type] Thick. (in) | Width (in) | 
[Lead Dir, | Load Shape | Freq. (Hz) | Specimen | Finish 


Dynamic 
Stress (psi) Cumulative Frequency of Load Cycle Occurrences 


Military Maneuver Loadings 
Minimum Stress = 5450 psi 
















(Incremental) 





























Note each column contains a different specimen 
114 


0 7236 8126 9549 7711 10676 
2840 5674 6371 7488 6046 8371 
5680 4424 4968 5838 4714 6527 
11400 2566 2881 Sso0 2734 3785 
17000 1250 1404 1649 1332 1844 

22700 502 563 662 934 740 
28400 148 166 195 158 218 
31200 78 88 104 84.1 116 
34000 36.2 40.6 47.7 38.6 93.4 
39700 6.58 7.39 8.68 7.01 9.71 
41200 3.29 3.69 4.34 3.50 4.85 
42000 1.64 1nSo 2.17 179 2.43 
Ground Loadings 
(Varying) Mean Stress = - 3000 psi 
0 1682 1888 2216 1793 2478 
950 971 1090 1280 1036 1431 
1920 446 501 588 476 658 
2850 ise We 208 168 233 
3800 43.0 48.2 96.6 45.8 63.3 
4750 10.4 11.6 iow aA lace 
5700 2.75 3.09 3.63 2.94 4.06 
6180 leo ees 202 1:63 2.26 
6650 0.982 1.10 1.29 1.05 1.45 
7130 0.61 0.69 0.81 0.65 0.90 
7600 0.41 0.45 O55 0.43 0.59 
8000 0.28 O31 0.36 0.29 0.41 
8550 0.10 0.12 0.14 0.11 aS 
9250 0.070 0.078 0.092 0.074 0.100 
9500 0.024 0.026 0.031 0.025 0.035 
9620 0.022 0.024 0.029 0.023 0.032 
9980 0.008 0.009 0.011 0.009 0.012 
10450 0.006 0.007 0.008 0.006 0.009 
: Ground-Air-Ground Loading 
Mean Stress = 1225 psi 
4225 240 270 347 256 354 


APPENDIX C. CONSTANT AMPLITUDE, ROTATIONAL FATIGUE 


NASA TN D-210 [Ref. 25:p. 14] 


Constant-Amplitude Data for Unnotched 7075-T6 


_ R_ | Mean Stress] Kt | Notch Type | Dia. (in) 
ee ee Nonews | 8 
| Load Dir. | Load Shape | Freq. (Hz) | Specimen |_ Finish _| 













369000 
209000 
190000 
186000 
134000 
105000 
103000 
76000 
75000 
929000 
763000 
430000 
401000 
314000 
298000 
266000 
219000 
208000 
179000 


3844000 
2993000 


776000 
776000 
665000 
665000 
600000 
904000 
374000 


319000 
42229000 
26681000 
18223000 
7449000 
6902000 
3005000 
1876000 
1738000 
979000 
902000 
549810000+ 
278328000 
222182000 
135577000 
122367000 
65317000 
40055000 
38539000 
11419000 
1004000 
509037000+ 
291754000 
243666000 
186662000 
85167000 
63380000 


ls. 


57408000 
27358000 
25108000 
16089000 
2990000 
917318000+ 
910055000+ 
506378000+ 
504590000+ 
104613000 
8161000 
4090000 
3456000 
2408000 
2310000 
863224000+ 
590857000+ 
947322000+ 
544945000+ 
530763000+ 
516099000+ 
505082000+ 
205282000 
137207000 
995264000+ 
764156000+ 
380494000+ 





APPENDIX C. CONSTANT AMPLITUDE, ROTATIONAL FATIGUE 


NASA TN D-210 [Ref. 25:p. 15] 


Constant-Amplitude Data for Notched 7075-T6 












[__R__] Mean Stress] Kt] Notch Type | Net Dia. (in) 
tO CdC*~“‘iCS | 0.094in rads | 03 _ 
[Lead Dir. | Load Shape | Freq. (Hz) | Specimen | Finish _] 


3318000 
282000 
144000 
142000 
108000 
86000 
81000 
80000 
76000 
70000 
11600000 
721000 
349000 
296000 
229000 
207000 
131000 
131000 
94000 
82000 


22918000 
12838000 
4694000 
4611000 
1515000 
1388000 
967000 
766000 
375000 
340000 
32273000 
27558000 
23875000 
19132000 
18995000 
15223000 
12560000 
11924000 
11785000 
11348000 
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150412000 
118263000 
107573000 
88493000 
61015000 
60528000 
18389000 
7020000 
25/1000 
658449000+ 
599517000 
992748000+ 
912303000+ 
901931000+ 
309694000 
278180000 
29402000 
9888000 





NASA TN D-210 [Ref. 25:p. 16] 


Constant-Amplitude Data for Notched 7075-T6 





_R_| Mean Suess | vt Notch Type 


3 0.010-in. radius 


eo 
Load Shape | Freq. (Hz) | Specimen _| 


[Finish _ 
Rotational 133.3 Extruded Rod Polished 


9600 
9400 
9000 
8/00 
8400 
8000 
7800 
7400 
7100 
19200 
17700 
17600 
17100 
16400 
16300 
16100 
16000 
15900 
15400 
269000 
67000 
63000 
59000 
57000 
52000 
51000 
46000 
44000 
40000 


18499000 


1916000 
8/7000 


642000 
292000 
480000 
446000 
205000 
171000 
121000 
163000 
£39000 
422000 
643000 
423000 
405000 
303000 
210000 
182000 
41000 
6274000 
3732000 
2422000 
2212000 
1880000 
1565000 
1552000 
1122000 
1107000 
1051000 
71645000 
13434000 
12840000 
9625000 
3074000 
3033000 


Li 








APPENDIX C. CONSTANT AMPLITUDE, ROTATIONAL FATIGUE 


2429000 
1772000 
1296000 
1289000 
268102000 
240710000 
108446000 
63237000 
49208000 
48090000 
11440000 
4938000 
1380000 
515286000+ 
488868000 
486409000 
432442000 
364450000 
354455000 
240908000 
118135000 
108395000 
11703000 
1181557000+ 
827652000+ 
733298000+ 
698649000+ 
529500000+ 
509324000+ 
504416000+ 
501046000+ 
500128000+ 





APPENDIX C. CONSTANT AMPLITUDE, ROTATIONAL FATIGUE 


NASA TN D-210 [Ref. 25:p. 17] 


Constant-Amplitude Data for Notched 7075-T6 


[__R__| Mean Stress] Kt] Notch Type _| Net Dia. (in) 
1.0 | 5) 0,0082-in radius} 03 _| 
[Load Dir, | Load Shape | Freq.(Hz)_| Specimen | Finish 






36000 
36000 
36000 
33000 
29000 
28000 
20000 
17000 
17000 
689000 
445000 
399000 
71000 
92000 
47000 
44000 
36000 
31000 
29000 
842000 
782000 
708000 
690000 
641000 
423000 
328000 


263000 
253000 
224000 
1388000 
1383000 
1276000 
1156000 
1020000 
984000 
867000 
846000 
840000 
799000 
2449000 
1766000 
1490000 
1479000 
1445000 
1439000 
1430000 
1132000 
1116000 
735000 
1158980000+ 
33530000 
32072000 
8755000 


118 


5439000 
2845000 
2249000 
2045000 
1668000 
1658000 
187812000+ 
515239000+ 
504823000+ 
503136000+ 
122585000 
17774000 
13089000 
11485000 
3682000 
3611000 
1125295000+ 
715839000+ 
616445000+ 
505327000 
267124000 
197869000 
34984000 
5764000 
2965000 
2758000 





APPENDIX D. SPECTRAL, ROTATIONAL FATIGUE 


NASA TN D-210 [Ref. 25:p. 18,19] 


Varying-Amplitude Data for Unnotched 7075-T6 


| R | Mean Stress{ Kt | Notch Type |__ Dia. (in) | 
aN 
[Toad Dic_[ "toad shape" "Freg. He} “Specimen_| Finish 











3643000 
1809000 
1748000 
1249000 
1160000 
1034000 
1021000 
888000 
803000 
491000 
490000 
34908000 
22652000 
8070000 
4632000 
2430000 
10121000 
3410000 
1525000 
1194000 


40546 7000+ 


64256000 

45500000 
3058000 
2230000 
1364000 
1265000 


96170000 
90444000 
21925000 
20594000 
4944000 
3821000 
1866000 
94420000 
58277000 
51282000 
1433000 
540000 
1293000 
606000 
5/4000 
520000 
2778000 
2718000 
1033000 
1000000 
529000 
193961000 
78816000 
10640000 
3065000 
3060000 





APPENDIX D. SPECTRAL, ROTATIONAL FATIGUE 


NASA TN D-210 [Ref. 25:p. 20] 


Varying-Amplitude Data for Unnotched 7075-T6 


[—_R_] Mean Stress] Kt] Notch Type_| Diam) 
ae |S Og et Gr 
"Load Dir. | _Load Shape | Freq. (Hz) | Specimen | Finish 











6240000 
5180000 
2470000 
202210000 
175183000 
12780000 
4591000 
2909000 
3370000 
2501000 
1773000 
1325000 
108882000 
61080000 
258006000 
237102000 
116334000 
10493000 
9341000 
2687000 
2015000 
1202000 
1113000 
219102000 
4291000 
666000. 
146551000 
28194000 
25138000 
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APPENDIX D. SPECTRAL, ROTATIONAL FATIGUE 


NASA TN D-210 [Ref. 25:p. 21] 


Varying-Amplitude Data for Notched 7075-T6 


[_"R__] Mean Stress] Kt] Notch Type _| Net Dia. (in) | 
Pe a or a Seemed! os 
[Load Dir. | _Load Shape | _Freq. (Hz) | Specimen | Finish 


|Smax(KSI)| Smin(KSI) | ON | Smax(KSI)_| Smin(KSI) | ON 


130000 994000 
110000 483000 
110000 397000 
109000 : 304000 
105000 100000 
100000 100000 
91000 : 92000 
81000 ; 74000 
79000 : 609000 
1579000 948000 
1452000 , 497000 
921000 331000 
412000 262000 
370000 21681000 
334000 17741000 
234000 ; 3733000 
202000 : 1200000 
68000 394512000 
346000 74000000 
293000 : 47911000 
271000 29279000 
2/1000 : 29101000 
667000 














a 


APPENDIX D. SPECTRAL, ROTATIONAL FATIGUE 


NASA TN D-210 [Ref. 25:p. 22] 


Varying-Amplitude Data for Notched 7075-T6 


[—"R_] Mean Stress] Kt] Notch Type | Net Dia, (in)_ 
a 
a a 


Smax(KS!)|_ Smin(KSI) | ON 


3371000 
1780000 
1410000 
1050000 
990000 
978000 
549000 
2030000 
1993000 
1204000 
5494000 
4990000 
4480000 
2347000 
1711000 
1316000 
879000 
100000 
38000000 
33443000 
6933000 
4834000 
252/000 
337566000 
255588000 
155059000 
44868000 
42600000 
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APPENDIX D. SPECTRAL, ROTATIONAL FATIGUE 


NASA TN D-210 [Ref. 25:p. 23] 


Varying-Amplitude Data for Notched 7075-T6 


em Se Hotere | Net Dia. (in) 
A a a Be 

Seo] Chea crepe [Fre Wc) | Specinen_[ Fine — 
Gust Frequency Spectrum 


Smin = 10 ksi; Smax = 34 ksi 
DeltaS/10,000rev = 8 ksi; 




























Smin = 2 ksi; Smax = 34 ksi 
DeltaS/10,000rev = 8 ksi; 

































2450000 280115 













2328710 247900 
2116700 247060 
2019440 225530 
2004547 ZEN OO 
1988780 220280 
1906420 214060 
1893000 208560 
1789600 203860 
1781236 200740 
1773000 198250 
1675620 213300 
1668837 181135 
1554400 175500 


168620 





Smin = 9 ksi; Smax = 29 ksi 
DeltaS/1,000rev = 5 ksi; 

















1438740 
1337930 
1326330 
1110100 
1109730 
1106390 
968290 

865880 

743350 


Ie 





APPENDIX E. SPECIMEN DRAWINGS 


NPS [Kousky, 1997 & Smith, 1993] 












a 03755 0.75" 






| | 
i > ~.583" o > ~0.533" << | 
| | | i | 
<—§ 1.75" —_> eedl5? < 


| 
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APPENDIX E. SPECIMEN DRAWINGS 


CONVAIR {Ref. 10:p. 5] 





Unnotched Specimen 


All specimens were made of 0.l-inch-thick 7075-T6 aluminum alloy 
having a width of 1 inch at the test section. 
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APPENDIX E. SPECIMEN DRAWINGS 


CONVAIR [Ref. 11:p. 4] 


0.500 
) Syma. 
| 


NOTE: Dimenstons 

for unnotched specimen 
same as for notched 
except as shown 


Streamline 
Radius 


(Ref. 5) 





es = 


| 


eee Sg) 


(1) Notched (Ky = 2.57)° (b) Usnotched 
127 


APPENDIX E. SPECIMEN DRAWINGS 


NACA TN 2324 [Ref. 13:p. 42] 


ol 





pea 
il 


‘UsUITOEdSs 189} onsT1eJ 


ds 
QD 
a 
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APPENDIX E. SPECIMEN DRAWINGS 


NACA TN 3866 [Ref. 14:p. 24] 


pa hae | 





9.60 
Rad=.0570 Rad.=.3175 5 
+0010 =O0l6 a 
! 37S : Rod=12 
Loo 
8.18 
3.95 
| | | 
ee - 
T 0 K> = 6 


Configurations of sheet specimens. Aluminum specimens, 
C200Ceineh ahuck; 


Ze 


APPENDIX E. SPECIMEN DRAWINGS 


CONVAIR [Ref. 15:p. 20] 





0.625 +0.002 0.10 tn. thick 


Unnotched and center-hote (K;, = 2.4) 
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APPENDIX E. SPECIMEN DRAWINGS 


NACA TN 2389 [Ref. 17:p. 36] 


a ia 


81825. 
Ong O65. 
0.1736'RA 
HO OOO 
us 0.3175" RAD. 
0.375" +O.00I0 
= 
8.1825' 








(a) Hole-type (b) Edge-cut (Ce illet=type 
NCten. mowch. Me wen. 


hewened Teviewestest Specimens with K_ = 2.0: 
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APPENDIX E. SPECIMEN DRAWINGS 


NACA TN 2389 [Ref. 17:p. 37] 


Mia 


i ae °c 





8.443" 
0.0195" RAD. 
+0.0005 
0.0570" RAD. 
e 0.375" HO/OOlre 
[-500" 4 
ARBITRARY 
RADIUS 
8.443" 
| | 
a 
! 
| 
| 
| 
| 
| SINACA 37 | 
| | 
NM wee et 


(a) 


Edge-cut notch. 


Notched fatigi 





5 caso ee 2 
es Se ae een 1. 


. : } 
* Oc? oes 59 "FS i a i é 
ve Oe wee ee he re} Ve ia eb - ole 


APPENDIX E. SPECIMEN DRAWINGS 


NACA TN 2390 [Ref. 18:p. 14] i 8 


MOSi25 RAD. 
+0.0010 
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NACA TN 3631 [Ref. 21:p. 22] 






Hole diameter, 






Material = S in 
L= 12 in 
1/8 1/16 1/32 
TO75-T6 1/4 1/8 1/8 
aluminum alloy 2 1 L/h 


Specimen configurations. Ali specimens were 0.091-inch thick 
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APPENDIX E. SPECIMEN DRAWINGS 


NASA TN D-111 [Ref. 22:p. 14] 
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(a) Edge-notched specimen. 


(b) Notched specimen. 


Notch details of notched and edge-notched fatigue test svec- 


imens. K+ = 4.0. 
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NASA TN D-212 (Ref. 23:p. 28] 
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hp = 7.0 Kr = 10.0 


Note: All Dimensions Given In Inches 
BaTERIAL: 7975-T6 Bare Alumimun Alloy Sheet (.9% inches thick) 
PAERICATIO€: Specimen Blanks Sheared to Size 


Holes Drilled and Reasaed 
Burrs Removed by Light Stoning 


Rotchsd Shesat Test Couvong 
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NASA TN D-210 [Ref. 25:p. 24] 
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Specimen configurations. All dimensions are in inches unless 
otherwise noted. 
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APPENDIX F. NACA "SAWTOOTH" LOAD SHAPES 


NACA TN 3132 [Ref. 20:p. 11] 
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APPENDIX G. DEVELOPMENT OF GUST AND MANEUVER LOADING SPECTRA 


LOCKHEED [Ref. 24:p. 13] 
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Development of Cust Leading Spectra 
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APPENDIX G. DEVELOPMENT OF GUST AND MANEUVER LOADING SPECTRA 
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Ordered Grouping of Faired Flight Loads. 


Development of Maneuver Loading Spectra 
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APPENDIX H. ROTATIONAL LOAD SHAPE SPECTRA 


NASA TN D-210 [Ref. 25:p. 27] 
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